
Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



1101111 

(vj) Publication number : 0 503 785 A1 





EUROPEAN PATENT APPLICATION 



21) Application number : 92301449.2 
g) Date of filing: 21.02.92 



% mt ci. 5 : C07D 233/90, A61K 31/415, 
G07D 405/1 2, C07D 405/1 4, 
C07D 403/10, C07F7/18 



(So) Priority : 21.02.91 JP 27098/91 
26.04.91 JP 96588/91 
06.06.91 JP 134889/91 
08.07.91 JP 167138/91 
24.07.91 JP 184841/91 

15.07.91 JP 173972/91 

© Date of publication of application : 

16.09.92 Bulletin 92/38 

@ Designated Contracting States : 

AT BE CH DE DK ES FR GB GR IT U LU MC NL 
PTSE 

@ Applicant : Sankyo Company Limited 

5-1 Nihonbashl Honcho 3-chome Chuo-ku 
Tokyo (JP) 

@ Inventor : Yanagisawa, Hiroaki 

c/o Sankyo Comp. Ltd 2-58, Hiromachi 
1-chome 

Shinagawa-ku Tokyo 140 (JP) 



Inventor : Shimoji, Yasuo 

c/o Sankyo Comp. Ltd 2-58, Hiromachi 

1-chome 

Shinagawa-ku Tokyo 140 (JP) 

inventor: Fujimoto, Koichl 

c/o Sankyo Comp. Ltd 2-58, Hiromachi 

1-chome 

Shinagawa-ku Tokyo 140 (JP) 

inventor : Kanazaki, Takuro 

c/o Sankyo Comp. Ltd 2-58, Hiromachi 

1-chome 

Shinagawa-ku Tokyo 140 (JP) 

Inventor : Anemiya, Yoshiya 

c/o Sankyo Comp. Ltd 2-58, Hiromachi 

1-chome 

Shinagawa-ku Tokyo 140 (JP) 

Inventor: Koike, Hiroyuki 

c/o Sankyo Comp. Ltd 2-58, Hiromachi 

1-chome 

Shinagawa-ku Tokyo 140 (JP) 

Inventor: Sada, Toshio 

c/o Sankyo Comp. Ltd 2-58, Hiromachi 

1-chome 

Shinagawa-ku Tokyo 140 (JP) 

74) Representative : Gibson, Christian John 
Robert et al 

MARKS & CLERK 57/60 Lincoln's Inn Fields 
London WC2A 3LS (GB) 



m 
m 



Q. 
LU 



(g) 1-Biphenyiimldazole derivatives, their preparation and their therapeutic use. 

@ Compounds of formula (I) : 



R2 R? 




(D 



in which : R 1 is alkyl or alkenyl ; R 2 and R 3 are hydrogen, alkyl, alkenyl, cycloalkyl, aralkyl, aryl, or aryl 

Jouve, 18, rue Saint-Denis, 75001 PARIS 



fused to cydoalkyl ; R 4 is hydrogen, alkyl, alkanoyl, alkenoyl, arylcarbonyl, alkoxycarbonyl, tetrahydro- 
pyranyl, tetrahydrothiopyranyl, tetrahydrothienyl, tetrahydrofuryl, a group of formula -SiR a R b R c , in 
which R a , R b and R c are alkyl or aryl, alkoxymethyl, (alkoxyalkoxy)methyl, haloalkoxymethyl, aralkyl, aryl 
or alkanoyioxymethoxycarbonyl ; R 6 is carboxy or a group of formula -CONR 8 R 9 , in which R 8 and R 9 are 
hydrogen atoms or alkyl. or R 8 and R 9 together form alkyiene ; R 6 is hydrogen, alkyl, alkoxy or halogen ; 
R 7 is carboxy or tetrazol-5-yl ; and pharmaceutical^ acceptable salts and esters thereof have hypoten- 
sive activity and can be used for the treatment and prophylaxis of hypertension. They may be prepared, 
inter alia , by reacting a biphenylmethyl compound with an imidazole compound. 
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The present invention provides a series of novel 1 -(bip he nylmethyf imidazole derivatives which have valu- 
able hypotensive activities, and which may, therefore, be used in the treatment and prophylaxis of hypertension, 
. including diseases of the heart and circulatory system. We also provide methods and compositions using these 
compounds, as well as processes for their preparation. 

5 It is known that the renin-angiotension system provides one of the important mechanisms for maintaining 

the homeostasis of blood pressure in living animals. When blood pressure is reduced or the sodium ion con- 
centration of the body fluids falls, this system is activated. As a result, the enzyme renin and angiotensin con- 
verting enzyme (hereinafter abbreviated, as is conventional, to "ACE") are activated and act on 
angiotensinogen, which is first decomposed by the renin to produce angiotensin I (hereinafter abbreviated to 

w "Al"). This Al is then converted by ACE to angiotensin II (hereinafter abbreviated to "All"). Since All induces 
strong contractions of blood vessels and accelerates the secretion of aldosterone, the activation of the system 
results in an elevation of blood pressure. Inhibitors or suppressors of the renin-angiotension system, such as 
renin inhibitors, ACE inhibitors and All antagonists, dilate blood vessels, cause lower blood pressure and 
improve the circulatory function, which is the basis for the use of these agents in the treatment of heart diseases. 

15 At present only ACE inhibitors are used clinically, although renin inhibitors and All antagonists are under 

investigation for such use. Of these, some peptide type All antagonists, such as saralasin, have been known 
for many years, whilst certain non-peptide type antagonists have recently been discovered (for example, those 
compounds disclosed in European Patent Publications No. 28 833, 28 834, 245 637, 253 310, 323 841, 324 
377, 380 959, 399 732, 399 731 and 400 835 and in Japanese Patent Application Kokai No. Sho 57-98270). 

20 _ Of these, the closest prior art is believed to be European Patent Publications No. 253 310 and 324 377. 

European Patent Publication No. 253 310 discloses a series of 1-phenyl-, 1-phenethyi- or 1-benzyl- 
imidazole derivatives which are said to have the ability to inhibit the activity of All. Included in the scope of these 
prior art compounds are a number of 1-biphenytrrtethylimidazole derivatives, which, however, differ from the 
compounds of the present invention in the nature of the substituent at the 4- or 5- position of the imidazole ring. 

25 European Patent Publication No. 324 377 also discloses a series of such compounds. The activities of all 

of these prior art compounds, however, including those of European Patent Publications No. 253 310 and 324 
377, are not thought to be sufficient and more potent All antagonists are sought for better clinical results. 

We have now discovered a limited series of 1-(biphenylmethyl)imidazole-5-carboxylic acid derivatives hav- 
ing an excellent All receptor antagonist activity, and which are therefore useful as anti-hypertensive drugs and 

30 for the therapy and prophylaxis of heart diseases. 

Thus, the present invention provides compounds of formula (I): 



35 



40 



46 




in which: 

so R 1 represents an alkyl group having from 1 to 6 carbon atoms or an alkenyl group having from 3 to 6 carbon 
atoms; 

R 2 and R 3 are the same or different and each represents: 
a hydrogen atom; 

an alkyl group having from 1 to 6 carbon atoms; 
55 an alkenyl group having from 3 to 6 carbon atoms; 

a cycloalkyl group having a total of from 3 to 10 ring carbon atoms in one or more saturated carbocyclic 

rings; 

an aralkyl group in which the alkyl part has from 1 to 6 carbon atoms and the aryl part is as defined below; 



3 
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an aryl group as defined below; or 

a fused ring system in which an aryl group, as defined below, js fused to a cycloalkyl group having from 
3 to 10 carbon atoms; 
R 4 represents: 

a hydrogen atom; 

an alkyl group having from 1 to 6 carbon atoms; 
an alkanoyl group having from 1 to 6 carbon atoms; 

a substituted alkanoyl group having from 2 to 6 carbon atoms and substituted by at least one substituent 
selected from halogen atoms and alkoxy groups having from 1 to 6 carbon atoms; 

an alkenoyl group having from 3 to 6 carbon atoms; 

an arylcarbonyi group in which the aryl part is as defined below; 

an aikoxycarbonyl group in which the alkyl part has from 1 to 6 carbon atoms; 

a tetrahydropyranyl, tetrahydrothiopyranyl, tetrahydrothienyl or tetrahydrofuryl group; 

a substituted tetrahydropyranyl, tetrahydrothiopyranyl, tetrahydrothienyl or tetrahydrofuryl group which 
is substituted by at least one substituent selected from halogen atoms and alkoxy groups having from 1 to 6 
carbon atoms; 

a group of formula -SiR a R b R c , in which 1 , 2 or 3 of the groups represented by R B , R b and R c are the same 
or different and each represents an alkyl group having from 1 to 6 carbon atoms, and 2, 1 or 0 of the groups 
represented by R a , R b and R c are the same or different and each represents an aryl group, as defined below; 

an alkoxymethyl group in which the alkoxy part has from 1 to 6 carbon atoms; 

an (alkoxyalkoxy)methyl group in which each alkoxy part has from 1 to 6 carbon atoms; 

a haloalkoxymethyl group in which the alkoxy part has from 1 to 6 carbon atoms; 

an aralkyl group, in which an alkyl group having from 1 to 6 carbon atoms is substituted by at least one 
aryl group, as defined below; or 

an alkanoyloxymethoxycarbonyl group in which the alkanoyl part has from 1 to 6 carbon atoms; 
R 5 represents a carboxy group or a group of formula -CONR 8 R 9 , in which R 8 and R 9 are the same or different 
and each represents 

a hydrogen atom, 

an unsubstituted alkyl group having from 1 to 6 carbon atoms, or 
' a substituted alkyl group which has from 1 to 6 carbon atoms and which is substituted by at least one 
of substituents (a), defined below, or 

R8 and R 9 together represent an unsubstituted alkylene group having from 2 to 6 carbon atoms or a substituted 
alkylene group which has from 2 to 6 carbon atoms and which is substituted by at least one substituent selected 
from carboxy groups and aikoxycarbonyl groups in which the alkyl part has from 1 to 6 carbon atoms; 
R 6 represents a hydrogen atom, an alkyl group having from 1 to 6 carbon atoms, an alkoxy group having from 
1 to 6 carbon atoms or a halogen atom; 
R 7 represents a carboxy group or a tetrazol-5-yJ group; 
said substituents (a) are selected from: 
aryl groups as defined below; 

heterocyclic groups having 5 or 6 ring atoms, of which from 1 to 4 are nitrogen and/or oxygen and/or 
sulphur hetero-atoms; 
halogen atoms; 
hydroxy groups; 

alkoxy groups having from 1 to 6 carbon atoms; 
carboxy groups 

aikoxycarbonyl groups in which the alkyl part has from 1 to 6 carbon atoms; 
amino groups; and 

acylamino groups, in which the acyl part is an alkanoyl group having from 1 to 6 carbon atoms or an 
arylcarbonyi group, in which the aryl part is as defined below, 

said aryl groups are aromatic carbocyclic groups which have from 6 to 14 ring atoms and which are unsubsti- 
tuted or are substituted by at least one of substituents (b), defined below; and 

said substituents (b) are selected from nitro groups, cyano groups, halogen atoms, unsubstituted carbocyclic 
aryl groups having from 6 to 10 ring atoms, alkyl groups having from 1 to 6 carbon atoms, alkoxy groups having 
from 1 to 6 carbon atoms, carboxy groups, aikoxycarbonyl groups in which the alkoxy part has from 1 to 6 carbon 
atoms and alkylenedioxy and alkylidenedioxy groups having from 1 to 3 carbon atoms; 
and pharmaceutically acceptable salts and esters thereof. 

The invention also provides a pharmaceutical composition for the treatment or prophylaxis of hypertension, 
which comprises an effective amount of an anti-hypertensive agent in admixture with a pharmaceutically 
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acceptable carrier or diluent, in which the anti-hypertensive agent is at least one compound of formula (I) or a 
pharmaceutically acceptable salt or ester thereof. 

The invention further provides the use of compounds of formula (I) and pharmaceutically acceptable salts 
and esters thereof in therapy, and still further provides the use of compounds of formul a (I) and pharmaceutically 

5 acceptable salts and esters thereof for the manufacture of a medicament for the treatment or prophylaxis of 
hypertension in a mammal, e.g. a human being. 

The invention still further provides processes for the preparation of compounds of formula (I) and phar- 
maceutically acceptable salts and esters thereof, which are described in more detail hereafter. 

In the compounds of the present invention, where R 1 , R 2 , R 3 , R 4 , R 6 , R 8 , R e or substituent (b) is an alkyl 

10 group, this is ah alkyl group having from 1 to 6 carbon atoms, and may be a straight or branched chain group 
having from 1 to 6 carbon atoms; examples include the methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, 
t-butyl, pentyl, t-pentyl, 2-methyl butyl, 3-methyl butyl, 1 -ethyl propyl, 4-methylpentyl, 3-methylpentyl, 2-methyl- 
pentyl, 1-methylpentyl, 3,3-dimethyl butyl, 2,2-dimethyl butyl, 1,1 -dimethyl butyl, 1,2-dimethyi butyl, 1 ,3-dimethyl- 
butyl, 2,3-dimethylbutyl, 2-ethylbutyl, hexyl and isohexyl groups. R 1 preferably represents a straight or 

15 branched chain alkyl group containing from 2 to 5 carbon atoms, and more preferably a straight chain group, 
i.e. most preferably an ethyl, propyl or butyl group. Each of R 2 and R 3 , which may be the same or different, 
preferably represents a straight or branched chain alkyl group containing from 1 to 4 carbon atoms, more pref- 
erably a methyl, ethyl, propyl, isopropyl or t-butyl group, and most preferably a methyl or ethyl group when R 5 
represents a carboxy group, or an isopropyl or t-butyl group when R 5 represents a group of formula -CONR B R 9 . 

20 R 4 or R 6 preferably represents a straight or branched chain alkyl group containing from 1 to 4 carbon atoms, 
more preferably a methyl or ethyl group. Where R 8 and R s are alkyl groups, these may be the same or different, 
and each is preferably an alkyl group containing from 1 to 4 carbon atoms, more preferably a methyl, ethyl, 
propyl or butyl group, and most preferably a methyl or ethyl group. In the case of substituent (b), when this 
represents an alkyl group, it preferably has from 1 to 4 carbon atoms, and the methyl and ethyl groups are more 

25 preferred. 

Where R 1 , R 2 and R 3 represents an alkenyl group, this may be a straight or branched chain alkenyl group 
containing from 3 to 6 carbon atoms. Examples of such groups include: the 1-propenyl, 2-propenyl, 1-methyl- 
2-propenyl, 2-methyl-1-propenyl, 2-methyl-2-propenyi,2-ethyl-2-propenyl, 1-butenyl, 2-butenyl, 1-methyl-2-bu- 
tenyl, 2-methyt-2-butenyl, 3-methyl-2-butenyl, 1-ethyl-2-butenyl, 3-butenyi, 1-methyl-3-buteny!, 2-methyl-3-butenyi , 

30 1-ethyl-3-butenyl, 1-pentenyl, 2-pentenyl, 1-metrtyl-2-pentenyl, 2-methyl-2-pentenyl, 3-pentenyl, 1-methyt-3- 
pentenyl, 2-methyl-3-pentenyl, 4-pentenyl, 1-methyl-4-pentenyl f 2-methyl-4-pentenyl, 1-hexenyl, 2-hexenyl, 3- 
hexenyt, 4-hexenyi and 5-hexenyl groups. R 1 preferably represents a straight or branched chain alkenyl group 
containing 3 or4 carbon atoms, and more preferably a 1-propenyl or 1-butenyl group. Each of R 2 and R 3 , which 
may be the same or different, preferably represents a straight or branched chain alkenyl group containing 3 or 

35 4 carbon atoms, and more preferably a 2-propenyl or 2-butenyl group. 

Where R 2 or R 3 represents a cycloalkyl group, this has a total of from 3 to 10 carbon atoms in one or more 
saturated carbocyclic rings, and the or each ring preferably has from 3 to 6 carbon atoms. Where the group is 
a multiple ring system, this may be a bridged or fused ring system. Examples of such groups include the cyc- 
lopropyl, cyciobutyl, cyclopentyl, cyclohexyl, cycloheptyl, norbornyl and adamantyl groups. Of these, we prefer 

40 those groups having from 3 to 6 carbon atoms in a single ring, and most prefer the cyclopentyl and cyclohexyl 
groups. 

Alternatively, R 2 or R 3 may represent an aralkyl group, in which the alkyl part has from 1 to 6 (more pref- 
erably from 1 to 4, still more preferably 1 or 2, and most preferably 1) carbon atoms and the aryl part is an aroma- 
tic carbocyclic groups which has from 6 to 14 (preferably from 6 to 1 0, and more preferably 6 or 1 0) ring atoms 

45 and which is unsubstituted or is substituted by at least one of substituents (b), defined above and exemplified 
below. Specific examples of alkyl groups which may form the alkyl part are as given above in relation to the 
alkyl groups which may be represented by R 2 , and specific examples of the aryl groups which may form the 
aryl part are as given below in relation to the aryl groups which may be represented by R 2 . Examples of such 
aralkyl groups include the benzyl, 1- and 2- naphthyl methyl, indenylmethyl, phenanthrenyl methyl, 

so anthracenylmethyl, diphenylmethyl, triphenyimethyl, 1-phenylethyl, phenethyl, 1-naphthylethyl, 2-naphthylet- 
hyl, 1 -phenyl propyl, 2-phenylpropyl, 3-phenyl propyl, 1-naphthylpropyl, 2-naphthyl propyl, 3-naphthylpropyl, 1- 
phenylbutyl, 2-phenyl butyl, 3-phenyt butyl, 4-phenylbutyi, 1-naphthylbutyl, 2-naphthyl butyl, 3-naphthyl butyl, 
4-naphthyl butyl, 1 -phenyl pentyl, 2-phenyl pentyl, 3-phenyl pentyl, 4-phenyl pentyl, 5-phenyl pentyl, 1-naphthyl- 
pentyl, 2-naphthyl pentyl, 3-naphthyl pentyl, 4-naphthyl pentyl, 5-naphthyl pentyl, 1 -phenyl hexyl, 2-phenyl hexyl, 

55 3-phenylhexyl, 4-phenyl hexyl, 5-phenyl hexyl, 6-phenylhexyl, 1-naphthylhexyl, 2-naphthyl hexyl, 3-naphthyl- 
hexyl, 4-naphthylhexyl, 5-naphthylhexyl and 6-naphthylhexyl groups. In those cases where the aralkyl group 
contains a naphthyl group, this may be a 1- or 2- naphthyl group. Of these aralkyl groups, we prefer those groups 
in which the alkyl part has from 1 to 4 carbon atoms, the benzyl group being most preferred. These groups 

5 
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may be unsubstituted or they may be substituted by one or more of substituents (b), defined above and exem- 
plified below. Examples of the substituted groups include those unsubstituted groups exemplified above but in 
which the aryl part is replaced by one of the substituted aryl groups given below. However, the unsubstituted 
groups are preferred. 

Where R 2 or R 3 represents an aryl group, this is an aromatic carbocyclic group which has from 6 to 14 (pref- 
erably from 6 to 10, and more preferably 6 or 10) ring atoms and which is unsubstituted or is substituted by at 
least one of substituents (b), defined above and exemplified below. Such groups may be unsubstituted or they 
may be substituted by at least one, and preferably from 1 to 3, of substituents (b), for example: 

nitro groups; 

cyano groups; 

halogen atoms, such as the fluorine, chlorine, bromine or iodine atoms, of which the fluorine, chlorine 
and bromine atoms are preferred; 

unsubstituted carbocyclic aryl groups, e.g. as exemplified below in relation to R 2 and R 3 ; 
alkyl groups, as exemplified above, most preferably the methyl group; 

alkoxy groups having from 1 to 6, preferably from 1 to 4, carbon atoms, such as the methoxy, ethoxy, 
propoxy, isopropoxy, butoxy, isobutoxy, sec-butoxy, t-butoxy, pentyloxy, neopentyloxy, 2-methylbutoxy, 3- 
methylbutoxy, 1-ethylpropoxy, 4-methyl pentyloxy, 3-methyl pentyloxy, 2-methylpentyloxy, 1 -methyl pentyloxy, 

3.3- dimethylbutoxy, 2,2-dimethylbutoxy, 1,1-dimethylbutoxy, 1 ,2-dimethylbutoxy, 1,3-dimethylbutoxy, 2,3- 
dimethylbutoxy, 2-ethyl butoxy, hexyloxy and isohexyloxy groups, most preferably a methoxy or ethoxy group; 

alkoxycarbonyl groups in which the alkoxy part has from 1 to 6, preferably from 1 to 4, carbon atoms, 
such as the methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl, butoxycarbonyl, iso- 
butoxycarbonyl, t-butoxycarbonyl, pentyloxycarbonyl and hexyloxycarbonyi groups, of which the methoxycar- 
bonyl and ethoxycarbonyl groups are most preferred; 

carboxy groups; and 

alkylenedioxy and alkylidenedioxy groups having from 1 to 3 carbon atoms, for example the 
methylenedioxy, ethyl enedioxy, propylenedioxy, trimethylenedioxy, ethylidenedioxy and iso propyl idenedioxy 
groups, of which the methylenedioxy group is most preferred. 

Of these, the alkyl and alkoxy substituents are preferred where R 2 or R 3 represents a substituted aryl group. 

Where the group is substituted, the number of substituents is not critical, and is only limited by the number 
of substitutabie positions, and possibly by steric constraints. However, in practice, we normally prefer 1, 2 or 
3 substituents. 

Examples of substituted and unsubstituted aryl groups include the phenyl, naphthyl, phenanthrenyl, 
anthracenyl, 2-methyl phenyl, 3-methyl phenyl, 4-methylphenyl, 2-ethyl phenyl, 3-propylphenyl, 4-ethylphenyl, 
2-butylphenyl, 3-pentylphenyl, 4-pentylphenyl, 3,5-dimethyl phenyl, 2, 5-dimethyl phenyl, 2,6-dimethylphenyl, 

2.4- dimethylphenyl, 3,5-dibutylphenyl, 2,5-dipentylphenyl, 2,6-dipropyl-4-methyl phenyl, 2-methoxyphenyl, 3- 
methoxyphenyl, 4-methoxy phenyl, 2-ethoxy phenyl, 3-propoxyphenyl, 4-ethoxyphenyl, 2-butoxy phenyl, 3-pen- 
tyloxy phenyl and 4-pentyloxy phenyl groups, of which the phenyl, 2-methyl phenyl, 3-methyl phenyl, 4- 
methylpheny!, 2-methoxyphenyl, 3-methoxyphenyl and 4-methoxyphenyl groups are the most preferred. 

Where R 2 or R 3 represents a fused ring system in which an aryl group is fused to a cycloalkyl group having 
from 3 to 10 carbon atoms, the aryl and cycloalkyl parts may be as exemplified above, and preferably the aryl 
part is a phenyl or naphthyl group, and the cycloalkyl part has 5 or 6 carbon atoms. Examples of such fused 
ring systems include the indanyl, tetrahydronaphthyl and tetrahydroanthryl groups, of which the indanyl and 
tetrahydronaphthyl groups are preferred. 

R 4 can represent an alkanoyl group; such a group may be a straight or branched chain group and has from 
1 to 6 carbon atoms. Examples of such groups include the formyl, acetyl, propionyl, butyryl, isobutyryl, pivaloyl, 
valeryi and isovaleryl groups, of which the formyl and acetyl groups are preferred. 

Alternatively, R 4 may be a substituted alkanoyl group in which the substituent or substituents is or are selec- 
ted from halogen atoms and alkoxy groups having from 1 to 6 carbon atoms. Examples of such substituted 
alkanoyl groups include the chloroacetyl, dichloroacetyl, trichloroacetyl, trifluoroacetyl and methoxyacetyl 
groups, of which the chloroacetyl and trifluoroacetyl groups are preferred. 

Where R 4 represents an alkenoyl group, this may have from 3 to 6, preferably from 3 to 5, carbon atoms, 
and examples include the acryloyl, methacryloyl, crotonoyl, 3-methyl-2-butenoyl and 2-methyl-2-butenoyl, 
especially (E>2-methyl-2-butenoyl, groups. 

Where R 4 represents an arylcarbonyl group, the aryl part may be any of those aryl groups examplified above 
in relation to R 2 . However, in this case, if the group is substituted, the substituents are preferably selected from 
halogen atoms, alkyl groups, alkoxy groups, nitro groups, alkoxycarbonyl groups and unsubstituted aryl groups, 
more preferably the methyl, methoxy, fluoro and chloro substituents. Examples of the arylcarbonyl groups 
include the benzoyl, a-naphthoyl, p-naphthoyl, 3-fluorobenzoyl, 2-bromobenzoyl, 4-chlorobenzoyl, 2,4,6- 
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trimethylbenzoyl, 4-toluoyl, 4-anisoyl, 4-nitrobenzoyl, 2-nitrobenzoyl, 2-(methoxycarbony1)benzoyi and 4- 
phenylbenzoyl groups, of which the benzoyl, 4-toluoyl, and 4-anisoyl groups are preferred. 

Where R 4 represents an alkoxycarbonyl group, the alkoxy part has from 1 to 6 carbon atoms, i.e. the group 
as a whole has from 2 to 7 carbon atoms, and examples of such groups include the methoxycarbonyl, ethoxycar- 
5 bony I, pro poxy carbon yl, isopropoxycarbonyl, butoxycarbonyl, isobutoxycarbonyl, t-butoxycarbonyl, pen- 
tyloxycarbonyl and hexyloxycarbonyl groups, of which the methoxycarbonyl and ethoxycarbonyl groups are 
preferred. 

Where R 4 represents a tetrahydropyranyl, tetrahydrothiopyranyl, tetrahydrothienyl ortetrahydrofuryl group, 
this may be substituted or unsubstituted. If substituted, the substituents are selected from halogen atoms and 

10 alkoxy groups having from 1 to 6 carbon atoms, which may be any of those groups and atoms exemplified above 
in relation to R 4 preferably the chloro, bromo and methoxy substituents. Examples of these substituted and 
unsubstituted groups include the tetrahydropyran-2-yl, 3-chlorotetrahydropyran-2-yl, 3-bromotetrahydropyran- 
2-yt, 4-meth oxytetra hyd ro pyra n-2-yl , tetrahydrothiopyran-2-yl, 4-methoxytetrahydrothiopyran-2-yl, tetrahyd- 
rofuran-2-yl and tetrahydrothien-2-yl groups, of which the tetra hydropyran-2-yl , 4-methoxytetra hydropyra n-2-yl , 

is tetrahydrothiopyran-2-yl and 4-methoxytetrahydrothiopyran-2-yl groups are preferred. 

Where R 4 represents a silyl group of formula -SiR*R b R c , in which 1 , 2 or 3 of the groups represented by 
R a , R b and R c are the same or different and each represents an alkyl group having from 1 to 6 carbon atoms, 
and 2, 1 or 0 of the groups represented by R a , R b and R c are the same or different and each represents an aryl 
group, as defined above, the alkyl and aryl parts may be any of those groups exemplified above in relation to 

20 R 1 and R 2 , preferably the methyl, ethyl, t-butyl and phenyl groups. Examples of such silyl groups include the 
trimethylsilyl, triethylsilyl, isopropyldimethylsilyl, t-butytdimethylsilyl, methyldiisopropylsilyl, methyidi-t-butyl- 
silyl, triisopropylsilyl, diphenylmethylsilyl, diphenylbutylsllyl, diphenylisopropylsilyl and phenyldiisopropylsilyl 
groups, of which the trimethylsilyl, t-butyldimethylsilyl and diphenylmethylsilyl groups are preferred. 

Where R 4 represents an alkoxymethyl group in which the alkoxy part has from 1 to 6 carbon atoms, the 

25 alkoxy part may be any of the alkoxy groups exemplified above in relation to substituents (b). Examples of such 
alkoxymethyl groups include the methoxymethyi, 1,1-dimethyH -methoxy methyl, ethoxymethyl, pro- 
poxymethyl, isopropoxymethyl, butoxymethyl and t-butoxymethyl groups, of which the methoxymethyi and 
ethoxymethyl groups are preferred. 

Where R 4 represents an (alkoxyalkoxy)methyl group, each alkoxy part has from 1 to 6 carbon atoms and 

30 may be any of the alkoxy groups exemplified above in relation to substituents (b). The two alkoxy groups may 
be the same or different Examples of such (alkoxyalkoxy)methyl groups include the methoxymethoxymethyl, 
2-methoxyethoxymethyl, 2-methoxypropoxymethyl and 2-methoxybutoxymethyl groups, of which the 2-me- 
thoxyethoxymethyl group is preferred. 

Where R 4 represents a haloalkoxymethyl group, the alkoxy part has from 1 to 6 carbon atoms and the halo- 

35 geh atoms and alkoxy groups may be any of the atoms and groups exemplified above in relation to substituents 
(b). Examples of such haloalkoxymethyl groups include the 2,2,2-mchloroethoxymethyl, 2,2,2-tribromoethoxy- 
methyl, bis(2-chloroethoxy)methyl and bis(2-bromoethoxy)methyi groups, of which the 2,2,2-m'chloroethoxy- 
methyi and bis(2-chloroethoxy)methyl groups are preferred. 

Where R 4 represents an aralkyl group, in which an alkyl group having from 1 to 6, preferably from 1 to 4, 

40 carbon atoms is substituted by at least one aryl group, the alkyl and aryl parts may be any of the alkyl and aryl 
groups exemplified above in relation to R 1 and R 2 . Examples of such aralkyl groups include the benzyl, a-napht- 
hylmethyl, p-naphthyl methyl, diphenylmethyl (i.e. benzhydryl), trityl (i.e. triphenylmethyl), a-naphthyldiphenyl- 
methyl, 9-anthrylmethyl, 4-methyIbenzyl, 6-phenylhexyl, 2,4,6-trimethylbenzyl, 3,4,5-trimethyi benzyl, 
4-methoxybenzyt, 4-methoxyphenyldiphenylmethyl, 2-nitrobenzyl, 4-nitrobenzyl, 4-chlorobenzyl, 4-bromoben- 

45 zyl and 4-cyanobenzyl groups, of which the benzyl, 4-methylbenzyl, 4-methoxybenzyl, 4-chlorobenzyl and 4- 
bromobenzyl groups are preferred. 

Where R 4 represents an alkanoyloxymethoxycarbonyl group, the alkanoyl part has from 1 to 6 carbon 
atoms and may be any of the alkanoyl groups exemplified above in relation to R 4 . Examples of such 
alkanoyloxymethoxycarbonyl groups include the formyloxymethoxycarbonyl, acetoxymethoxycarbonyl, pro- 

50 pionyioxymethoxycarbonyl, butyryloxymethoxycarbonyl and pivaloyloxymethoxycarbonyl groups, of which the 
prvaloyloxymethoxycarbonyl group Is preferred. 

R 6 represents a carboxy group or a group of formula -CONR 8 R 9 . Where it represents a group of formula 
-CONR 8 R 9 , and R 8 or R 9 represents an alkyl group, this may be an unsubstituted alkyl group having from 1 to 
6 carbon atoms, such as those groups exemplified above, or a substituted alkyl group, which has from 1 to 6 

55 carbon atoms and which is substituted by at least one of substituents (a), defined above and exemplified below. 

Where R 8 and R 9 together represent an alkylene group, this has from 2 to 6 carbon atoms and may be 
substituted or unsubstituted; it may also be a straight or branched chain group. Examples of the unsubstituted 
groups include the ethylene, trimethylene, propylene, ethylethylene, tetramethylene, pentamethylene and 
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hexamethylene groups, of which those groups containing 4 or 5 carbon atoms are preferred. In such cases, 
the group of formula -NR 8 R 9 is a nitrogen-containing heterocyclic group having from 3 to 7 ring atoms (one being 
the nitrogen atom), for example, when the alkylene group contains 4 or 5 carbon atoms, it is a 1 -pyrrol id inyl or 
piperidino group, respectively. Where the group is substituted, there may be one or more substituents selected 

5 from carboxy groups and alkoxycarbonyl groups in which the alkoxy part has from 1 to 6 carbon atoms. Exam- 
ples of such substituents include the carboxy, methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, butoxycar- 
bonyl, isobutoxycarbonyl, t-butoxycarbonyi, pentyloxycarbonyl and hexyloxycarbonyl groups, of which the 
carboxy, methoxycarbonyl and ethoxycarbonyl groups are preferred. 

Where R 5 represents a carboxy group, the compound is a carboxylic acid and can, therefore, form esters, 

10 in which the carboxy group represented by R 5 is replaced by a group of formula -COOR 58 , in which R 53 repre- 
sents an ester residue (in the case of the carboxylic acid, R 68 represents a hydrogen atom). It can also form 
salts, examples of which are as exemplified below in relation to R 7 . The nature of the ester so formed is not 
critical to the invention, except where the ester is to be used for pharmaceutical purposes, in which case it 
should be pharmaceutically acceptable, i.e. it should not have increased, or unacceptably increased, toxicity 

15 or reduced, or unacceptably reduced, activity, as compared with the parent acid. However, where the ester is 
to be used for other purposes, e.g. as an intermediate for the preparation of other, and perhaps more active, 
compounds, even this restriction does not apply, and any ester residue common in the art may be used and 
may be selected on the basis of its functionality and commercial advantages. However, it is well known in the 
art that certain ester residues confer advantages on compounds incorporating them, for example easier or bet- 

20 ter absorption in vivo, and, if desired, such ester residues may be used in the present invention. 
. Examples of such ester residues include: 

alky! groups having from 1 to 6 carbon atoms, such as those exemplified above in relation to R 1 ; 
haloalkyl groups having from 1 to 6, preferably from 1 to 4, carbon atoms, in which the alkyl part may 
be as exemplified above in relation to R 1 , for example the trifluoromethyl, 2,2,2-trichioroethyl, 2,2,2-trif- 

25 luoroethyl, 2-chloroethyl, 2-fluoroethyl, 2-iodoethyl, 4-fluorobutyl, 3-chloropropyl and 6-iodohexyl groups, of 
which the 2,2,2-trichloroethyl and 2-chloroethyl groups are preferred; 

hydroxyalkyl groups having from 1 to 6, preferably from 1 to 4, carbon atoms, in which the alkyl part may 
be as exemplified above in relation to R 1 , for example the 2-hydroxyethyl, 2,3-dihydroxypropyl, 3-hydroxypropyl, 
3,4-dihydroxy butyl and 4-hydroxy butyl groups, of which the 2-hydroxyethyl group is preferred; 

30 alkoxyalkyl and alkoxy alkoxy alkyl groups in which the alkoxy and the alkyl parts each have from 1 to 6, 

preferably from 1 to 4, carbon atoms, and may be as exemplified above in relation to substituents (b) and R 1 , 
respectively, for example the methoxymethyl, 2-methoxyethyl, 2-ethoxyethyl and 2-methoxyethoxymethyl 
groups, of which the methoxymethyl group is preferred; 

phenacyt groups and phenacyl groups which are substituted by one or more of substituents (b), of which 

35 the unsubstituted phenacyl group is preferred; 

alkoxycarbonylalkyl groups, such as the methoxycarbonylmethyl group; 

cyanoalkyl groups having from 1 to 6, preferably from 1 to 4, carbon atoms, in which the alkyl part may 
be as exemplified above in relation to R 1 , for example the 2-cyanoethyl and cyanomethyi groups; 

alkylthioalkyl groups in which each alkyl part has from 1 to 6, preferably from 1 to 4, carbon atoms, and 
40 may be as exemplified above in relation to R 1 , for example the methyl thtomethyl and ethylthiomethyl; 

arylthioalkyl groups in which the alkyl part has from 1 to 6, preferably from 1 to 4, carbon atoms, and 
may be as exemplified above in relation to R 1 , and the aryl part may be as defined and exemplified above in 
relation to R 2 , for example the phenylthiomethyl group; 

alkyl sulphonyl alkyl groups in which each alkyl part has from 1 to 6, preferably from 1 to 4, carbon atoms, 
45 and may be as exemplified above in relation to R 1 and may be unsubstituted or substituted by one or more 
halogen atoms, for example the 2-(methanesulphonyl)ethyl or 2-(trifluoromethanesulphonyl)ethyl groups; 

arylsulphonylalkyl groups in which the alkyl part has from 1 to 6, preferably from 1 to 4, carbon atoms, 
and may be as exemplified above in relation to R 1 , and the aryl part may be as defined and exemplified above 
in relation to R 2 , for example the 2-(benzenesulphonyJ)ethyl and 2-(p-toluenesulphonyl)ethyl groups; 
50 aryl groups such as those exemplified above in relation to R 2 ; 

aralkyl groups such as those examplified above in relation to R 2 , especially the benzyl, p_-methoxybenzyl, 
p_-nitrobenzyl and 4-acetoxy-3-methoxy benzyl groups, of which the benzyl group is preferred; 

groups of formula -SiR d R e R f (in which R d , R° and R f are as defined above in relation to R a , R b and R c ), 
such as those exemplified above in relation to R 4 ; 
55 alkanoyloxyalkyl groups in which each of the alkanoyl and the alkyl parts has from 1 to 6 carbon atoms 

and may be as exemplified above in relation to R 1 and R 4 , respectively, and preferably the alkanoyl part has 
from 1 to 5 carbon atoms and the alkyl part has from 1 to 4 carbon atoms and more preferably the alkanoyl 
part has from 2 to 5 carbon atoms and the alkyl part has 1 or 2 carbon atoms; examples of such alkanoyloxyalkyl 
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groups include the formyloxymethyl, acetoxymethyl, propionyloxymethyl, butyryloxymethyl, pivaloyloxymethyl, 
valeryioxymethyl, isovaleryloxymentyl, hexanoyloxymethyl, 1-(formyloxy)ethyl, 1-(acetoxy)ethyl, 1-(propionyl- 
oxy)ethyl, 1-{butyryloxy)ethyi, 1-(pivaloyloxy)ethyl t 1-(valeryl6xy)ethyl f 1-(isovaJeryloxy)ethyl, l-(hexanoyloxy) 
ethyl, 2-(fbrmyioxy)ethyl ? 2-(acetoxy)ethyl t 2-{propionyioxy)ethyl, 2-(butyryloxy)ethyl, 2-(pivaloyioxy)ethyi f 2- 
(valeryloxy)ethyl > 2-(isovaleryloxy)ethyl, 2-(hexanoytoxy)ethyl, 1-(formyloxy)propyl, 1-(acetoxy)propyl, 1-<pro- 
pionyloxy)propyl, 1-(butyryloxy)propyl, 1-(pivaloyloxy)propyl, 1-<valeryloxy)propyl, 1-(isovaleryloxy)propyl, 
1-(hexanoyioxy)propyl, 1-<acetoxy)butyl, 1-{propionyloxy)butyl, 1-(butyry»oxy)butyi t 1-(pivaloyloxy)butyl, 1- 
(acetoxy)pentyl, 1-(propionytoxy)pentyl, 1-<butyryloxy)pentyl, 1-(plvaloyloxy)pentyl and 1-(plvaloyloxy)hexyl 
groups, preferably the formyloxymethyl, acetoxymethyl, propionyloxymethyl, butyryloxymethyl, pivaloyloxy- 
methyl, 1-(formyloxy)ethyl, 1-(acetoxy)ethyl, 1-(propionyloxy)ethyl, 1-(butyryloxy)ethyland Hpivaloyloxy)ethyl 
groups, and more preferably the acetoxymethyl, propionyloxymethyl, butyryloxymethyl, pivaloyloxymethyl, 1- 
(acetoxy)ethyl, 1-(propionyloxy)ethyl, 1-(butyryloxy)ethyl and 1-(pivaloyloxy)ethyl groups and most preferably 
the pivaloyloxymethyl and 1-(pivaloyloxy)ethyl groups; 

cycloalkanoyloxyalkyl groups in which the cycloalkyl part has 5 or 6 carbon atoms and the alkyl part has 
from 1 to 6 carbon atoms, each as exemplified above in relation to R 2 ; preferably the alkyl part has from 1 to 
4 carbon atoms and more preferably 1 or 2 carbon atoms; examples of such cycloalkanoyloxyalkyl groups 
include the cyclopentanoyloxymethyl, cyclohexanoyloxy methyl, 1-(cyclopentanoyloxy)ethyl, 1-(cyclohexanoyl- 
oxy)ethyl, 1-(cyclopentanoyloxy)propyt, 1-(cyclohexanoyloxy)propyl, 1-(cyclopentanoyloxy)butyl and 1-(cyc- 
lohexanoyloxy)butyl, groups, preferably the cyclopentanoyloxymethyl, cydohexanoyloxymethyl, 1-{cyclopen- 
tanoyloxy)ethyl, and 1-(cyclohexanoyloxy)ethyl groups; 

alkoxycarbonyloxyalkyl groups in which each of the alkoxy and the alkyl parts has from 1 to 6 carbon 
atoms as exemplified above in relation to substituents (b) and R 1 , respectively, and preferably each of the alkoxy 
and the alkyl parts has from 1 to 4 carbon atoms and more preferably the alkoxy part has from 1 to 4 carbon 
atoms and the alkyl part has 1 or 2 carbon atoms; examples of such alkoxycarbonyloxyalkyl groups include 
the methoxycarbonyloxymethyl, ethoxycarbonyloxymethyl, propoxycarbonyloxymethyl, isopropoxycarbonyl- 
oxymethyl, butoxycarbonyloxymethyl, isobutoxycarbonyloxymethyl, pentyloxycarbonyloxymethyl, hexyloxy- 
carbonyloxymethyl, 1-(methoxycarbonyloxy)ethyl. 1-(ethoxycarbonyloxy)ethyl, 1-(propoxycarbonyloxy)ethyl, 
1-(isopropoxycarbonyloxy)ethyl, 1-(butoxycart)onyloxy)ethyl, 1-(isobutoxycarbonyloxy)ethyl, 1-(pentyloxycar- 
bonyloxy)ethyl, 1-(hexyloxycarbonyloxy)ethyl, 2-(methoxycarbonyloxy)ethyl, 2-<ethoxycarbonyloxy)ethyl, 2- 
(propoxycarbonyloxy)ethyl, 2-(isopropoxycarbonyloxy)ethyl, 2-<butoxycarbonyloxy)ethyl, 2-(isobutoxycar- 
bonyloxy)ethyl, 2-{pentyloxycarbonyloxy)ethyl, 2-(hexyloxycarbonyloxy)ethyl, 1-(methoxycarbonyloxy)propyl, 
1-(ethoxycarbonyloxy)propyl, l-(propoxycarbonyloxy) propyl, 1-(isopropoxycarbonyioxy)propyl, 1-{butoxycar- 
bonyloxy)propyl, 1-(isobutoxycarbonyloxy)propyl, 1-(pentyloxycarbonyloxy)propyl, l-(hexyloxycarbonyioxy) 
propyl, 1-(methoxycarbonyloxy)butyl, 1-(ethoxycarbonyloxy)butyl, 1-(propoxycarbonyloxy)butyl, 1-<isopropo- 
xycarbonyloxy)butyI, l-(butoxycarbonyloxy) butyl, 1-(isobutoxycarbonyloxy)butyl, 1-(methoxycarbonyloxy)pen- 
tyl, 1-(ethoxycarbonyloxy)pentyl, 1-(methoxycarbonyloxy)hexyl and 1-(ethoxycarbonyloxy)hexyl groups, pref- 
erably the methoxycarbonyloxymethyl, ethoxycarbonyloxymethyl, propoxycarbonyloxymethyl, is opro poxy car- 
bony loxymethyl, butoxycarbonyloxymethyl, isobutoxycarbonyloxymethyl, 1-(methoxycarbonyioxy)ethyl, 1- 
(ethoxycarbonyloxy)ethyl, 1-<propoxycarbonyloxy)ethyI, 1-(isopropoxycarbonyloxy)ethyl, 1-(butoxycarbonyl- 
oxy)ethyl, 1-(isobutoxycarbonyloxy)ethyl, 1-(methoxycarbonyloxy)propyl, 1-(ethoxycarbonyloxy)propyl, 1- 
(propoxycarbonyloxy)propyl, l-(isopropoxycarbonyloxy) propyl, 1-(butoxycarbonyloxy)propyl f 1-(isobutoxycar- 
bonyloxy)propyl, 1-(methoxycarbonyIoxy)butyl, 1-(ethoxycarbonyloxy)butyl, l-(propoxycarbonyloxy) butyl. 1- 
(isopropoxycarbonyloxy)butyl, Hbutoxycarbonyloxy) butyl, 1-{isobutoxycarbonyloxy)butyl, more preferably 
methoxycarbonyloxymethyl, ethoxycarbonyloxymethyl, propoxycarbonyloxymethyl, isopropoxycarbonyloxy- 
methyl, butoxycarbonyloxymethyl, isobutoxycarbonyloxymethyl, 1-(methoxycarbonyloxy)ethyl, 1-{ethoxycar- 
bonyloxy)ethyl, 1-(propoxycarbonyloxy)ethyl, 1-(isopropoxycarbonyloxy)ethyl, 1-<butoxycarbonyl- oxy)ethyl 
and 1-(isobutoxycarbonyloxy)ethyl groups and most preferably the methoxycarbonyloxymethyl, ethoxycar- 
bonyloxymethyl, isopropoxycarbonyloxymethyl, 1-(methoxycarbonyloxy)ethyl, 1-(ethoxycarbonyloxy)ethyl and 
1-(isopropoxycarbonyloxy)ethyl groups; 

cycloalkoxycarbonyloxyalkyl groups in which the cycloalkyl part has 5 or 6 carbon atoms and the alkyl 
part has from 1 to 6 carbon atoms, each as exemplified above in relation to R 2 ; preferably the alkyl part has 
from 1 to 4 carbon atoms and more preferably 1 or 2 carbon atoms; examples of such cycloalkoxycarbonyloxyal- 
kyl groups include the cyclopentoxycarbonyloxymethyl, cyclohexyloxycarbonyloxymethyl, 1-(cyclopen- 
tyloxycarbonyloxy)ethyl, 1-(cyclohexyloxycarbonyloxy)ethyl, l^cyclopentyloxycarbonyloxyjpropyl, 1-(cyclohexyl- 
oxycarbonyloxy)propyl, 1-(cyclopentyloxycarbonyloxy)butyl and 1-{cyclohexyIoxycarbonyloxy) butyl groups, 
preferably the cyclopentyloxycarbonyloxymethyl, cyclohexyloxycarbonyloxymethyl, 1-(cyclopentoxycarbony- 
loxy)ethyl and 1-<cydohexyloxycarbonyloxy)ethyl groups; 

[5-(aryl- or alkyl-)-2H3xo-1,3-dioxolen-4-yl]methyl groups in which the alkyl part has from 1 to 6 carbon 
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atoms and may be as exemplified above in relation to R 1 and R 2 , and the aryl part is as defined and exemplified 
above in relation to R 2 (and is preferably a substituted or unsubstituted phenyl group); preferably the alkyl part 
has from 1 to 4 carbon atoms and more preferably 1 or 2 carbon atoms; examples of such [5-(aryl- or alkyl-)- 
2-oxo-1 f 3-dioxolen-4-yl]methyl groups include the (5-phenyl-2-oxo-1,3-dioxolen-4-yl)methyl, [5-(4-methyl- 
phenyl)-2-oxo-1 f 3-dioxolen-4-ylJmethyl f [5^4nriemoxypherTyl)-2-oxo-1,3-diox^ [5-(4-chlorophenyl)- 
2-OXO-1 ,3-dioxolen-4-yl)methyl, [5-(4-fluorophenyl)-2-oxo-1 ,3-dioxolen-4-yl]methyl, <5-methyl-2-oxo-1 ,3-dio- 
xolen-4-yl)methyl, (5-ethyl-2-oxo-1,3-dioxolen-4-yl)methyl, (5-propyl-2-oxo-1,3-dioxolen-4-yi)methyl, (5-isop- 
ropyl-2-oxo-1 f 3-dioxolen-4-yl)methyl and (5-butyl-2-oxo-1,3-dioxolen-4-yl)methyl groups, preferably the (5- 
phenyl-2-oxo-1,3-dioxolen-4-yl)methyl, (5-methyl-2-oxo-1 f 3-dioxolen-4-yl)methyl and (5-ethyl-2-oxo-1,3-dio- 
xolen-4-yl)methyl groups and more preferably the (5-methyl-2-oxo-1 l 3-dioxoien-4-yl)methyl group; and 

phthalidyl groups. 
Preferred ester residues are, for example: 

C-, - C 4 alkyl groups; 

phenyl, naphthyl and substituted phenyl groups having one or more, preferably from 1 to 3, methyl, ethyl 
methoxy, ethoxy, fluoro and chloro substituents, which, in the case of 2 or 3 substituents, may be the same or 
different; 

benzyl, di phenyl methyl and a- and 0- naphthylmethyl groups, and substituted benzyl groups having one 
or more, preferably from 1 to 3, methyl, ethyl, methoxy, ethoxy, fluoro and chloro substituents, which, in the 
case of 2 or 3 substituents, may be the same or different; 

groups of formula SiR d R e R f in which 1, 2 or 3 of the groups represented by R d , R° and R f are the same 
or different and each represents an alkyl group having from 1 to 4 carbon atoms, and 2, 1 or 0 are phenyl groups; 

alkanoyloxyalkyi groups in which the alkanoyl group has from 1 to 5 carbon atoms and the alkyl group 
has from 1 to 4 carbon atoms; 

cycloalkanoyloxyalkyl groups in which the cycloalkyi part has 5 or 6 carbon atoms and the alkyl part has 
from 1 to 4 carbon atoms; 

alkoxycarbonyioxyalkyl groups in which each of the alkoxy part and the alkyl part has from 1 to 4 carbon 

atoms; 

cycloalkoxycarbonyloxyalkyl groups in which the cycloalkyi part has 5 or 6 carbon atoms and the alkyl 
part has from 1 to 4 carbon atoms; 

[5-(phenyl or alkyl->-2-oxo-1,3-dioxolen-4-yl]methyl groups in which the alkyl part has from 1 to 4 carbon 
atoms; and 

phthalidyl groups. 
More preferred ester residues are, for example, 

C t - C 4 alkyl groups; 

the benzyl group; 

alkanoyloxyalkyi groups in which the alkanoyl part has from 1 to 5 carbon atoms and the alkyl part has 
1 or 2 carbon atoms; 

cycloalkanoyloxyalkyl groups in which the cycloalkyi part has from 5 to 6 carbon atoms and the alkyl 
part has 1 or 2 carbon atoms; 

alkoxycarbonyioxyalkyl groups in which the alkoxy part has from 1 to 4 carbon atoms and the alkyl part 
has 1 or 2 carbon atoms; 

cycloalkoxycarbonyloxyalkyl groups in which the cycloalkyi part has 5 or 6 carbon atoms and the alkyl 
part has 1 or 2 carbon atoms; 

[5-(phenyl or alkyl-)-2-oxo-1,3-dioxolen-4-yl]methyl groups in which the alkyl part has 1 or 2 carbon 
atoms; and 

phthalidyl groups. 

The most preferred ester residues are, for example, the pivaloyloxymethyi, ethoxy carbonyloxymethyl, 1- 
(ethoxycarbonyloxy)ethyl, isopropoxycarbonyloxymethyl, (1-isopropoxycarbonyloxy)ethyl, (5-methyl-2-oxo-1 , 
3-dioxolen-4-yl)methyl and phthalidyl groups. 

Examples of the groups and atoms which may form substituents (a) include: 
aryl groups, such as those exemplified above in relation to R 2 ; 

heterocyclic groups having 5 or 6 ring atoms, of which from 1 to 4 are nitrogen and/or oxygen and/or 
sulphur hetero-atoms, as exemplified below; 

halogen atoms, alkoxy groups and alkoxycarbonyl groups, such as those exemplified above in relation 
to substituents (b); 

hydroxy groups, carboxy groups and amino groups; and 

acylamino groups, in which the acyl part is an alkanoyl group having from 1 to 6 carbon atoms or an 
arylcarbonyl group, where the aryl part is as defined above, of which the acyl part is as exemplified above in 
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relation to R 4 , e.g. a benzamido group, and preferably an alkanoylamino group having from 1 to 4 carbon atoms, 

and more preferably an acetamido or forrnamido group. 

Where substituent (a) is a heterocyclic group, this has 5 or 6 ring atoms, of which from 1 to 4 are nitrogen 

and/or oxygen and/or sulphur hetero-hetero-atoms. Where there are 4 hetero-atoms, we prefer that all 4 should 
5 be nitrogen atoms. Where there are 3 hetero-atoms, we prefer that at least one (more preferably 2) should be 

a nitrogen atom and one or two should be nitrogen, oxygen or sulphur atoms (and, where there are two, they 

may be the same or different). Where there are two hetero-atoms, these may be the same or different and they 

are selected from nitrogen, oxygen and sulphur atoms; however, more preferably one is a nitrogen atom or an 

oxygen atom and the other is a nitrogen, oxygen or sulphur atom. Examples of such heterocyclic groups include 
10 the pyrrolyl, fury!, thienyl, imidazolyl, oxazolyl, thiazoiyl, oxadiazolyi, thiadiazolyl, triazolyi, tetrazolyl and pyridyl 

groups, of which the furyl, thienyl, imidazolyl, oxazolyl and thiazoiyl groups are preferred, and the furyl and 

thienyl groups are more preferred. 

Preferably the benzene ring wh ich bears the substituents represented by R 6 and R 7 is at the 3- or 4- position 

of the benzyl group to which it attaches, more preferably at the 4-position, i.e. the preferred compounds have 
15 the formula (la): 



20 



25 



30 




35 

R 6 may represent a hydrogen atom, an alkyl group having from 1 to 6 carbon atoms (such as those exem- 
plified above) or an alkoxy group having from 1 to 6 carbon atoms or a halogen atom, both of which are as 
exemplified above in relation to the same groups or atom which may be represented by substituents (b). R 6 is 

40 preferably at the &-position of the benzene ring. 

R 7 may represent a carboxy group or a tetrazol-5-yl group. When it represents a carboxy group, or when 
substituent (a) is a carboxy group, the resulting compounds may form salts or esters. There is no particular 
restriction on the nature of these salts or esters, provided that, where they are intended for therapeutic use, 
they are pharmaceuticaily acceptable. Where they are intended for non-therapeutic uses, e.g. as intermediates 

45 in the preparation of other, and possibly more active, compounds, even this restriction does not apply. Examples 
of such salts include: salts with an alkali metal, such as sodium, potassium or lithium; salts with an alkaline 
earth metal, such as barium or calcium; salts with another metal, such as magnesium and aluminium; organic 
base salts, such as a salt with guanidine, triethylamine, dicyclohexylamine; and salts with a basic amino acid, 
such as lysine or arginine. Examples of ester groups may be as exemplified above in relation to R fa . 

so Preferably R 7 represents a carboxy group or a tetrazol-5-yl group, and, where R 7 represents a carboxy 

group, salts of these compounds are also preferred. R 7 is preferably at the 2- or 3- position of the phenyl group, 
and more preferably at the 2- position. 

The compounds of the present invention necessarily contain at least one basic nitrogen atom in the 
imidazole ring and can therefore form acid addition salts. Examples of such acid addition salts include: addition 

55 salts with inorganic acids, such as hydrochloric acid, hydrobromic acid, sulphuric acid or phosphoric acid; and 
addition salts with organic acids such as maleic acid, fumaric acid, tartaric acid or citric acid. 

Preferred classes of compounds of the present invention are those compounds of formula (I) and salts and 
esters thereof, in which: 
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Ri represents an alkyl group having from 2 to 5 carbon atoms or an alkenyl group having from 3 to 5 carbon 



R2 and R 3 are the same or different and each represents: 
a hydrogen atom, 
5 an alkyl group having from 1 to 4 carbon atoms, 

an alkenyl group having from 3 to 5 carbon atoms, 
a cycloalkyJ group having 5 or 6 carbon atoms, 
a benzyl, naphthyl or phenyl group, or 

a substituted benzyl or phenyl group which is substituted by at least one of substituents (b ), defined 

10 substituents <b') are selected from methyl, ethyl, methoxy and ethoxy groups and fluorine and chlorine atoms; 
R 4 represents: 

a hydrogen atom. 

an alkyl group having from 1 to 4 carbon atoms, 
15 an alkanoyl group having from 1 to 5 carbon atoms, 

a substituted alkanoyl group which has 2 or 3 carbon atoms and which is substituted by at least one 
substituent selected from fluorine and chlorine atoms and methoxy and ethoxy groups, 
an alkenoyl group having from 3 to 5 carbon atoms, 
a naphthoyi group, 

20 a benzoyl group, . u i 

a substituted benzoyl group which is substituted by at least one of substituents (b'), defined below, 
an alkoxycarbonyl group having from 2 to 5 carbon atoms, 

a tetrahydropyranyl. tetrahydrothiopyranyl, tetrahydrothienyl or tetrahydrofuryl group, 
a substituted tetrahydropyranyl, tetrahydrothiopyranyl, tetrahydrothienyi or tetrahydrofuryl group which 
25 is substituted by at least one substituent selected from chlorine and bromine atoms and methoxy groups, 

a group of formula -SiR a R b R c , in which 1 . 2 or 3 of the groups represented by R". R b and R* are the same 
or different and each represents an alkyl group having from 1 to 4 carbon atoms, and 2, 1 or 0 of the groups 
represented by R a , R b and R* are phenyl groups, 

a methoxymethyl, 2-methoxyethoxymethyi, 2.2,2-trichloroethoxymethyl, bis<2-chloroethoxy)methyl, 
30 benzyl, diphenylmethyl or naphthylmethyi group or a substituted benzyl group which is substituted by at least 
one of substituents (b'), defined below, or a prvaloyioxymethoxycarbonyl group; 
R5 represents a group of formula -COOR 53 or a group of formula -CONR e R 9 , in which: 
R* 1 represents 

a hydrogen atom, 
35 an alkyl group having from 1 to 4 carbon atoms, 

a phenyl, naphthyl, benzyl, diphenylmethyl or naphthylmethyi group. 

a substituted phenyl or benzyl group which is substituted by at least one of substituents (b'), 
defined below, 

a group of formula -SiR a R b R c , in which R a , R b and R c are as defined above, 
40 an alkanoyloxyalkyl group, in which the alkanoyl part has from 1 to 5 carbon atoms, and the alkyl 

part has from 1 to 4 carbon atoms, 

a cycloalkanoyloxyalkyl group, in which the cycloalkanoyl part has 6 or 7 carbon atoms, and the 

alkyl part has from 1 to 4 carbon atoms, 

an alkoxycarbonyloxyalkyl group, in which the alkoxy part has from 1 to 4 carbon atoms, and the 

45 alkyl part has from 1 to 4 carbon atoms, 

a cydoalkoxycarbonyloxyalkyl group, in which the cycloalkoxy part has 5 or 6 carbon atoms, and 

the alkyl part has from 1 to 4 carbon atoms, 

a [5-<phenyl- or alkyl-)-2-oxo-1 ,3-dioxolen-4-yl]methyl group in which the alkyl part has from 1 to 

4 carbon atoms, or 
so a phthalidyl group; 

R 8 and R 9 are the same or different and each represents, 
a hydrogen atom, 

an alkyl group having from 1 to 4 carbon atoms, and 

a substituted alkyl group which has from 1 to 4 carbon atoms and which is substituted by at least 
55 one of substituents (a'), defined below, 

or R 8 and R 9 together represent an unsubstituted aikylene group which has 4 or 5 carbon atoms or a 
substituted aikylene group which has 4 or 5 carbon atoms and which is substituted by at least one substituent 
selected from carboxy groups, methoxycarbonyl groups and ethoxycarbonyl groups; 
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substituents (a') are selected from phenyl groups, furyt groups, thienyl groups, fluorine atoms, chlorine atoms, 
hydroxy groups, methoxy groups, ethoxy groups, carfooxy groups and alkoxycarbonyl groups having from 2 to 
5 carbon atoms; 

R 6 represents a hydrogen atom, an alkyl group having from 1 to 4 carbon atoms, an alkoxy group having from 
5 1 to 4 carbon atoms, a fluorine atom, a chlorine atom or a bromine atom; 
R 7 represents a carboxy group or a tetrazol-5-yi group; and 

the benzene ring which bears the substituents represented by R 8 and R 7 is at the 3- or 4- position of the benzyl 
group to which it is attached. 

More preferred classes of compounds of the present invention are those compounds of formula (I) and salts 
10 an esters thereof, in which: 

R 1 represents an alkyl group having from 2 to 5 carbon atoms or an alkenyl group having from 3 to 5 carbon 
atoms; 

R 2 and R 3 are the same or different and each represents: 
a hydrogen atom, 
15 an alkyl group having from 1 to 4 carbon atoms, 

an alkenyl group having from 3 to 5 carbon atoms, 
a cycloalkyl group having 5 or 6 carbon atoms, or 
a benzyl or phenyl group; 
R 4 represents: 
20 a hydrogen atom, 

a methyl or ethyl group, 

an alkanoyl group having from 1 to 5 carbon atoms, 
an alkenoyl group having from 3 to 5 carbon atoms, 
a benzoyl group, or 
25 an alkoxycarbonyl group having from 2 to 5 carbon atoms; 

R 5 represents a group of formula -COOR 53 or a group of formula -CONR 8 R 9 , in which: 
R5a represents 

a hydrogen atom, 

an alkyl group having from 1 to 4 carbon atoms, 
30 a benzyl group, 

an alkanoyloxyalkyl group, in which the alkanoyl part has from 1 to 5 carbon atoms, and the alkyl 
part is a methyl or ethyl group, 

a cycloalkanoyloxyalkyl group, in which the cycloalkanoyi part has 6 or 7 carbon atoms, and the 
alkyl part is a methyl or ethyl group, 
35 an alkoxycarbonyloxyalkyl group, in which the alkoxy part has from 1 to 4 carbon atoms, and the 

alkyl part is a methyl or ethyl group, 

a cycloalkoxycarbonyloxyalkyl group, in which the cycloalkoxy part has 5 or 6 carbon atoms, and 
the alkyl part is a methyl or ethyl group, 

a [5-(phenyl-, methyl- orethyl-)-2-oxo-1,3-dioxolen-4-yl]methyl group, or 
40 a phthalidyl group; 

R 8 and R 9 are the same or different and each represents: 
a hydrogen atom, 
a methyl group, 
an ethyl group, or 

45 a substituted methyl or ethyl group which is substituted by at least one substituent selected from 

carboxy groups, methoxy carbonyl groups and ethoxy carbonyl groups; 

or R 8 and R 9 together represent an unsubstituted alkylene group which has 4 or 5 carbon atoms or a 

substituted alkylene group which has 4 or 5 carbon atoms and which is substituted by at least one substituent 

selected from carboxy groups, methoxycarbonyl groups and ethoxycarbonyl groups; 
so R 8 represents a hydrogen atom, or it represents a methyl group, an ethyl group, a methoxy group, an ethoxy 

group, a fluorine atom or a chlorine atom on the 6-position of the benzene ring; 

R 7 represents a carboxy group or a tetrazol-5-yl group at the 2- or 3- position of the benzene ring; and the ben- 
zene ring which bears the substituents represented by R 8 and R 7 is at the 4-position of the benzyl group to 
which it is attached. 

55 Still more preferred classes of compounds of the present invention are those compounds of formula (I) and 

salts and esters thereof, in which: 

R 1 represents an alkyl group having from 2 to 5 carbon atoms; 

R 2 and R 3 are the same or different and each represents a hydrogen atom or an alkyl group having from 1 to 
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4 carbon atoms; v 

R 4 represents a hydrogen atom, a methyl group, an ethyl group or an alkanoyl group having from 1 to 5 carbon 
atoms; 

R5 represents a group of formula -COOR 5 * or a group of formula -CONR 8 R 9 , in which: 
5 R 68 represents 

a hydrogen atom, 

a methyl, ethyl or benzyl group, 

an alkanoyloxymethyl group, in which the alkanoyl part has from 1 to 5 carbon atoms, 
a 1-(alkanoyloxy)ethyl group, in which the alkanoyl part has from 1 to 5 carbon atoms, 
10 an alkoxycarbonyloxymethyl group, in which the alkoxy part has from 1 to 4 carbon atoms, 

a 1-(alkoxycarbonyloxy)ethyi group, in which the alkoxy part has from 1 to 4 carbon atoms, 
a [5-{phenyl- or methyl-)-2-oxo-1 ,3-dioxolen-4-yl]methyl group, or 
a phthalidyl group; 

R e and R 9 are the same or different and each represents a hydrogen atom, a methyl group, an ethyl 
15 group, a methoxycarbonylmethyl group, an ethoxycarbonylmethyl group or a carboxymethyl group; 

or R 8 and R 9 together represent a tetramethylene, pentamethylene, 1-carboxytetramethylene or 1-car- 
boxypentamethylene group; 

Re represents a hydrogen atom, or it represents a methyl group, an methoxy group, a fluorine atom or a chlorine 
atom at the 6-position of the benzene ring; 
20 R 7 represents a carboxy group or a tetrazol-5-yl group at the 2-position of the benzene ring; and 

the benzene ring which bears the substituents represented by R 6 and R 7 is at the 4-position of the benzyl group 
to which it is attached. 

Even more preferred classes of compounds of the present invention are those compounds of formula (I) 
and salts and esters thereof, in which: 
25 either 

R 1 represents an ethyl, propyl or butyl group; 

R2 and R 3 are the same or different and each represents a hydrogen atom or a methyl group; 
R 4 represents a hydrogen atom or a methyl group; 

R5 represents a group of formula -COOR 53 , in which R 63 represents a hydrogen atom, a pivaloyloxymethyl 
30 group, an ethoxycarbonyloxymethyl group, a 1-(ethoxycarbonyloxy)ethyl group, an isopropoxycar- 
bonyloxymethyl group, a 1-(isopropoxycarbonyloxy)ethyJ group, a (5-methyl-2-oxo-1,3-dioxoien-4-yl)methyl 
group, or a phthalidyl group; 
R 6 represents a hydrogen atom; 

R 7 represents a carboxy group or a tetrazol-5-yl group at the 2-position of the benzene ring; and 
35 the benzene ring which bears the substituents represented by R 6 and R 7 is at the 4-position of the benzyl group 
to which it is attached, 
or 

R 1 represents an ethyl, propyl or butyl group; 
R 2 represents an isopropyl group or a t-butyl group; 
40 R 3 represents a hydrogen atom; 

R 4 represents a hydrogen atom or a methyl group; 

R5 represents a group of formula -CONR 8 R 9 , in which R B and R 9 are the same or different and each represents 
a hydrogen atom, a methyl group, methoxycarbonylmethyl, ethoxycarbonylmethyl groups, and carboxymethyl 
groups; 

45 R 6 represents a hydrogen atom; 

R 7 represents a carboxy group or a tetrazol-5-yl group at the 2-position of the benzene ring; and 

the benzene ring which bears the substituents represented by R 6 and R7 is at the 4-position of the benzyl group 

to which it is attached. 

The most preferred classes of compounds of the present invention are those compounds of formula (I) and 
so salts and esters thereof, in which: 

R 1 represents an ethyl, propyl or butyl group; 

R 2 and R 3 both represent methyl groups; 

R 4 represents a hydrogen atom or a methyl group; 

R5 represents a group of formula -COOR 68 , in which R 68 represents a hydrogen atom, a pivaloyloxymethyl 
55 group, an ethoxycarbonyloxymethyl group, a 1-(ethoxycarbonyloxy)ethyl group, an isopropoxycar- 
bonyloxymethyl group, a 1-(isopropoxycarbonyloxy)ethyl group, a (5-methyl-2-oxo-1,3-dioxolen-4-yl)methyl 
group, or a phthalidyl group; 
R 6 represents a hydrogen atom; 
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R 7 represents a carboxy group or a tetrazol-5-yl group at the 2-position of the benzene ring; and 

the benzene ring which bears the substituents represented by R 6 and R 7 is at the 4-position of the benzyl group 

to which it is attached. 

The compounds of the present invention may contain one or more asymmetric carbon atoms in their 
5 molecules, and can thus form optical isomers. Although these are all represented herein by a single molecular 
formula, the present invention includes both the individual, isolated isomers and mixtures, including racemates 
thereof. Where stereos pecific synthesis techniques are employed or optically active compounds are employed 
as starting materials, individual isomers may be prepared directly; on the other hand, if a mixture of isomers is 
prepared, the individual isomers may be obtained by conventional resolution techniques. 
w Specific examples of individual compounds of the present invention are shown in the following formulae 

(1-1), (I-2), (I-3), (1-4), (I-5) and (I-6): ' 



15 



20 



25 



30 



35 



40 



45 




(1-1) 



(1-2) 
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d-6) 



In these formulae, the meanings of the various substituent groups are as given in the following Tables 1 
to 6, in which Table 1 relates to formula (1-1), Table 2 relates to formula (1-2), Table 3 relates to formula (1-3), 
and so on. In the Tables, the following abbreviations are used: 



Ac 


acetyl 


Boz 


benzoyl 


Bu 


butyl 


iBu 


isobutyl 


©u 


t-butyl 


Buc 


butoxycarbonyl 


iBuc 


isobutoxycarbonyl 


Bz 


benzyl 


Et 


ethyl 


Etc 


ethoxycarbonyl 


Fo 


formyl 


Fu 


2-furyl 


cHx 


cyclohexyl 


Im 


4-imidazoly! 


Me 


methyl 


Mec 


methoxycarbonyl 


Mod 


(5-methyl-2-oxo-1 t 3-dloxolen-4-yl)methyl 


Ph 


phenyl 


Phth 


phthalidyl 


Piv 


pivaloyl 


Pn 


pentyl 


cPn 


cyclopentyl 


iPn 


isopentyl 


Pr 


propyl 


[Pr 


isopropyl 


[Pre 


isopropoxycarbonyl 


~Pm 


propionyl 


Tz 


tetrazol-5-yl 


Th 


2-thienyl 
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10 



Cpd. 
No. 



,5a 



IT 



R 



7a 





1-1 


Fr 


TT 

ri 


TJ 
Xl 


15 


1 - Z 


oU 


TJ 


TJ 
Xl 




1 - o 


K-ti III L- 


xi 


TJ 
XI 


- 


1-4 


rll 


TJ 

xl 


Xl 


20 


1 - D 


x3U 


TT 
XI 


TJ 
tl 


1-6 


BU 


TT 
XI 


TJ 
Xl 




1 *"7 
1 - / 


"Q, , 

ou 


XX 

xl 


TJ 
XI 




1 Q 

1 - O 


■Q. , 

OU. 


IT 
Xl 


o 

XI 


25 


l - y 


xaU 


TT 

Xl 


TJ 

rl 




1 - 1U 


DU 


IT 
XI 


TJ 
XI 




1-11 


Bu 


H 


H 


30 


1-12 


Bu 


H 


H 




1-13 


Bu 


H 


H 




1-14 


Bu 


H 


H 




1-15 


BU 


H 


H 


35 


1-16 


Bu 


H 


H 




1-17 


Bu 


H 


H 




1-18 


Bu 


H 


H 


40 


1-19 


Bu 


H 


H 




1-20 


Bu 


H 


H 




1-21 


Bu 


H 


H 




1-22 


BU 


H 


H 


45 


1-23 


Bu 


H 


H 




1-24 


- Bu 


H 


H 




1-25 


Bu 


Me 


H 


50 


1-26 


Bu 


Me 


H 




1-27 


BU 


Me 


H 



TJ 
XI 


H 


H 


H 


TJ 
XI 


H 


H 


H 


XI 


H 


H 


H 


£X 


H 


H 


H 


TJ 
tl 


Me 


H 


H 


n 


Et 


H 


H 


H 


Bu 


H 


H 


IX 
XI 


Bz 


H 


H 




H 


H 


H 




H 


H 


H 


Fo 


H 


H 


H 


Ac 


H 


H 


H 


Boz 


H 


H 


H 


Me 


Et 


H 


H 


Me 


PivOCH 2 - 


H 


H 


H 


H 


CI 


H 


H 


Et 


CI 


H 


H 


H 


OMe 


H 


H 


Et 


OMe 


H 


H 


H 


OEt 


H 


H 


Et 


OEt 


H 


H 


Mod 


H 


H 


H 


EtcOCH 2 - 


H 


H 


H 


1- (EtcO)Et H 


H 


H 


H 


H 


H 


H 


Et 


H 


H 


H 


PivOCH 2 - 


H 


H 
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Table l (cont. ) 



10 



Cpd. 
No. 



R 



,5a 



,7a 





1-28 


Bu 


Me 


H 


H 


Mod 


H 


H 


15 


1-29 


Bu 


Me 


H 


Ac 


H 


H 


. H 


1-30 


Bu 


Me 


H 


Ac 


Et 


H 


H 




1-31 


Bu 


Me 


Me 


H 


H 


H 


H 




1-32 


Bu 


Me 


Me 


H 


Et 


H 


H 


20 


1-33 


Bu 


Me 


Me 


H 


Bu 


H 


H 




1-34 


Bu 


Me 


Me 


H 


Me 


H 


H 




1-35 


Bu 


Me 


Me 


H 


PivOCH 2 - 


H 


H 




1-36 


Bu 


Me . 


Me 


H 


Mod 


H 


H 


25 


1-37 


Bu 


Me 


Me 


Me 


H 


H 


H 




1-38 


Bu 


Me 


Me 


Me 


Et 


H 


H 




1-39 


Bu 


Me 


Me 


FO 


H 


H 


H 


30 


1-40 


Bu 


Me 


Me 


FO 


Et 


H 


H 




1-41 


Bu 


Me 


Me 


Ac 


H 


H 


H 




1-42 


Bu 


Me 


Me 


AC 


Et 


H 


H 




1-43 


Bu 


Me 


Me 


Boz 


H 


H 


H 


35 


1-44 


Bu 


Me 


Me 


. Boz 


Et 


H 


H 




1-45 


Bu 


Me 


Me 


H 


H 


CI 


H 




1-46 


Bu 


Me 


Me 


H 


Et 


CI 


H 


40 


1-47 


Bu 


Me 


Me 


H 


H 


OMe 


H 


1-48 


Bu 


Me 


Me 


H 


Et 


OMe 


H 




1-49 


Pr 


Me 


Me 


H 


H 


H 


H 




1-50 


Pr 


Me 


Me 


H 


Et 


H 


H 


45 


1-51 


Pr 


Me 


Me 


Ac 


Et 


H 


H 




1-52 


Pr 


Me 


Me 


H 


H 


OMe 


H 




1-53 


Pr 


Me 


Me 


H 


Et 


OMe 


H 




1-54 


Pn 


Me 


Me 


H 


H 


H 


H 



50 



55 
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Table 1 (cont.) 



Cpd. 
No. 



R 



,5a 



,7a 



1-55 


Pn 


Me 


Me 


H 


Et 


H 


H 


1-56 


Et 


Me 


H 


H 


H 


H 


H 


1-57 


Et 


Me 


H 


H 


Et 


H 


H 


1-58 


Et 


Me 


H 


H 


PivOCH 2 - 


H 


H 


1-59 


Et 


Me 


H 


H 


Mod 


H 


H 


1-60 


Et 


Me 


H 


H 


EtcOCH 2 - 


H 


H 


1-61 


Et 


Me 


H 


H 


1- (EtcO) Et 


H 


H 


1-62 


Bu 


Et 


H 


H 


H 


H 


H 


1-63 


Bu 


Et 


H 


H 


Et 


H 


H 


1-64 


Bu 


Et 


H 


H 


H 


CI 


H 


1-65 


Bu 


Et 


H 


H 


Et 


CI 


H 


1-66 


Bu 


Et 


H 


H 


H 


OMe 


H 


1-67 


Bu 


Et 


H 


H 


Et 


OMe 


H 


1-68 


Bu 


iPr 


H 


H 


H 


H 


H 


1-69 


Bu 


iPr 


H 


H 


Et 


H 


H 


1-70 


Bu 


iPr 


H 


H 


H 


CI 


H 


1-71 


Bu 


iPr 


H 


H 


Et 


CI 


H 


1-72 


Bu 


iPr 


H 


H 


H 


OMe 


H 


1-73 


Bu 


iPr 


H 


H 


Et 


OMe 


H 


1-74 


Bu 


tBu 


H 


H 


H. 


,H 


H 


1-75 


Bu 


£3U 


H 


H 


Et 


H 


H 


1-76 


Bu 


tBu 


H 


H 


H 


CI 


H 


1-77 


Bu 


tBu 


H 


H 


Et 


CI 


H 


1-78 


Bu 


tBu 


H 


H 


H 


OMe 


H 


1-79 


Bu 


tBu 


H 


H 


Et 


OMe 


H 


1-80 


Bu 


Ph 


H 


H 


H 


H 


H 


1-81 


Bu 


Ph 


H 


H 


Et 


H 


H 
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Table 1 (cont. ) 

5 





Cpd . 


R 1 


R 2 


R 3 


R 4 


R 5a 


R 6 


R 7a 


10 


NO. 


















1-82 


Bu 


Et 


Me 


H 


H 


H 


H 


15 


x o — > 


Bu 


Et 


Me 


H 


Et 


H 


H 




1- 84 


Bu 


Et 


Et 


H 


H 


H 


H 




1-85 


Bu 


Et 


Et 


H 


Et 


H 


H 




1-86 


Bu 


Et 


Et 


H 


H 


CI 


H 


20 


1-87 


Bu 


Et 


Et 


H 


Et 


CI 


H 




1-88 


Bu 


Et 


Et 


H 


H 


OMe 


H 




1-89 


Bu 


Et 


Et 


H 


Et 


OMe 


H 


25 


1 - 90 

J- \t 


Bu 


Pr 


H 


H 


H 


H 


H 




JL ^ X 


Bu 


Pr 


H 


H 


Et 


H 


H 




1-92 


Pr 


Pr 


H 


H 


H 


H 


H 




1 - Q 




Pr 


H 


H 


Et 


H 


H 


30 


1 .QA 


Bu 


H 


H 


H 


Me 


H 


tBu 




1-95 


Bu 


H 


H 


H 


Et 


H 


tBu 




1-96 


Bu 


H 


H 


K 


H 


H 


tBu 


35 


1 - Q 7 

J. - f 


DU 


H 


H 


H 


PivOCH 2 - 


H 


tBu 


1-98 


Bu 


H 


H 


H 


PivOCH 2 -- 


H 


H 




.1-99 


BU 


H 


H 


Me 


Me 


H 


£BU 




1-100 


Pr 


H 


H 


H 


Et 


H 


H 


40 


1-101 


Pr 


H 


H 


H 


Bu 


H 


H 




1-102 


Pr 


H 


H 


H 


PivOCH 2 - 


H 


H 




1-103 


Pr 


H 


H 


H 


Mod 


H 


H 


45 


1-104 


Pr 


H 


H 


H 


H 


CI 


H 


1-105 


Pr 


H 


H 


H 


Et 


CI 


H 




1-106 


Pr 


H 


H 


H 


H 


OMe 


H 




1-107 


Pr 


H 


H 


H 


Et 


OMe 


H 


50 


1-108 


Pr 


Me 


Me 


H 


H 


CI 


H 



55 
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Table 1, (<?qnt.) 



5 





Cpd. 


R 1 


R 2 


R 3 


R 4 


R 5a 


R 6 


R 7a 




"Mn 
















10 




















X X U _7 


Pr 


Me 


Me 


H 


Et 


CI 


H 


15 


i .i in 

X X X \J 


P-r 

C X 


Me 


Me 


H 


H 


H 


Et 


x - X XX 


XT X 


Mr 


Me 


H 


H 


H 


Bu 




1-119 

X X X ^ 


P-r 

£r X 


Me 


Me 


H 


H 


H 


PivOCH 0 - 
2 




1.111 
X X X o 


Oii. 


Me 


Me 


H 


H 


H 


Et 




X XXI 


DU 


Me 


Me 


H 


H 


H 


Bu 




1 .lit: 


Uii 
0 u. 


Me 


Me 


H 


H 


H 


PivOCH 0 - 
2 




1 - 1 1 A 
1 no 


DU 


Mp 


Me 


Mec 


H 


H 


H 




1.117 
X X X / 


ou 


Mr 


Me 


Etc 


H 


H 


H 


25 


1 .11 D 
X X X o 


nil 


Me 


Me 


H 


Et 


H 


tBu 




1 .11 Q 
X X X 27 


Pr 


Me 


Me 


H 


Et 


H 


£Bu 




X x^. u 




Me 


Me 


H 


H 


F 


H 


30 


1 -1 Ol 

X X X 


DLL 


H 


H 


Me 


Me 


H 


H 


1 _ 1 o o 


fin 


lie 


Me 


H 


H 


CI 


tBu 




1 - 1 O "3 

X X^i J 


nil 

DLL 


Mr 


Me 


H 


Et 


CI 


tBu 




T *1 O A 


nn 


IMC 


Mr 

IMG 


H 


H 


OMe 


tBu 


35 


1- 125 


Bu 


Me 


we 


TJ 
XT 


Et 


OMe 


tBu 




1-126 


Pr 


Me 


Me 


H 


H 


CI 


tBu 




1-127 


Pr 


Me 


Me 


H 


Et 


CI 


tBu 


40 


1-128 


Pr 


Me 


Me 


H 


H 


OMe 


tBu 


1-129 


Pr 


Me 


Me 


H 


Et 


OMe 


tBu 




1-130 


Et 


Me 


Me 


H 


Et 


H 


tBu 




1-131 


Et 


Me 


Me 


H 


Et 


H 


H 


45 


1-132 


Et 


Me 


Me 


H 


H 


H 


H 




1-133 


Pr 


Me 


H 


H 


PivOCH 2 - 


H 


H 




1-134 


Pr 


Me 


H 


H 


Mod 


H 


H 




1-135 


Pr 


Me 


H 


H 


EtcOCH 2 - 


H 


H 


50 


1-136 


Pr 


Me 


H 


H 


1- (EtcO)Et H 


H 
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T^ble i (cnnr,) 



Cpd. R 1 R 2 r 3 R 4 R 5a R 6 R 7a 

No. 

10 '— . . 





1-137 


Pr 


Me 


H 


H 


Phth 


H 


H 




1-138 


Et 


H 


H 


H 


H 


H 


H 


15 


1-139 


Et 


H 


H 


H 


PivOCH 2 - 


H 


H 




1-140 


Et 


H 


H 


H 


Mod 


H 


H 




1-141 


Et 


H 


H 


H 


EtcOCH 2 - 


H 


H 


20 


1-142 


Et 


H 


H 


H 


1- (BtcO)Bt 


H 


H 


1-143 


Et 


H 


H 


H 


Phth 


H 


H 



25 



30 



35 



AO 



45 



50 
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Table 2 



Cpd. 
No. 



to 



,5a 





2-1 


Pr 


Me 


Me 


H 


H 


H 


2-Tz 


15 


2-2 


Bu 


Me 


Me 


H 


H 


H 


2-Tz 


2-3 


Pn 


Me 


Me 


H 


H 


H 


2-Tz 




2-4 


-CH=CH-Et 


Me 


Me 


H 


H 


H 


2-TZ 




2-5 


Pr 


Me 


Me 


Me 


H 


H 


2-Tz 


20 


2-6 


Bu 


Me 


Me 


Me 


H 


H 


2-Tz 




2-7 


Pr 


Me 


Me 


H 


Et 


H 


2-Tz 




2-8 


Bu 


Me 


Me 


H 


Et 


H 


2-Tz 


25 


2-9 


Pr 


Me 


Me 


H 


Me 


H 


2-Tz 


2-10 


Bu 


Me 


Me 


H 


Me 


H 


2-Tz 




2-11 


Pr 


Me 


Me 


Me 


Me 


H 


2-TZ 




2-12 


Bu, 


Me 


Me 


Me 


Me 


H 


2-Tz 


30 


2-13 


Pr 


Me 


Me 


Me 


Et 


H 


2-Tz 




2-14 


Bu 


Me 


Me 


Me 


Et 


H 


2-Tz 




2-15 


Pr 


Me 


Me 


H 


PivOCH 2 - 


H 


2-Tz 


35 


2-16 


Bu 


Me 


Me 


H 


PivOCH 2 - 


H 


2-Tz 


2-17 


Pr 


Me 


Me 


H 


Mod 


H 


2-Tz 




2-18 


Bu 


Me 


Me 


H 


Mod 


H 


2-Tz 




2-19 


Pr 


Me 


Me 


H 


EtcOCH 2 - 


H 


2-Tz 


40 


2-20 


Bu 


Me 


Me 


H 


EtcOCH 2 - 


H 


2-Tz 




2-21 


Pr 


Me 


Me 


H 


iPrcOCH 2 - 


H 


2-Tz 




2-22 


BU 


Me 


Me 


H 


iPrcOCH 2 - 


H 


2-Tz 


45 


2-23 


Pr 


Me 


Me 


H 


1- (EtcO)Et 


H 


2-Tz 


2-24 


Bu 


Me 


Me 


H 


1- (EtcO)Et 


H 


2-Tz 




2-2 5 


Pr 


Me 


Me 


H 


1- (iPrcO) Et 


H 


2-Tz 




2-26 


Bu 


Me 


Me 


H 


1- (iPrcO) Et 


H 


2-Tz 


50 


2-27 


Pr 


Me 


Me 


Me 


EtcOCH 2 - 


H 


2-Tz 




2-28 


Bu 


Me 


Me 


Me 


EtcOCH - 


H 


2-Tz 
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Table 2 (copf rt ) 

5 



10 


Cpd . 


t,1 
R 


9 

R 


3 
R J 


4 

R 


R ba 


a 

R 


■"7 

R 7 




2-29 


Pr 


Me 


Me 


Me 


iPrcOCH 2 - 


H 


2-Tz 


15 


2-30 


Bu 


Me 


Me 


Me 


±PrcOCH 2 - 


H 


2-Tz 




2-31 


Pr 


Me 


Me 


Me 


PivOCH 2 - 


H 


2-Tz 




2-32 


Bu 


Me 


Me 


Me 


PivOCH 2 - 


H 


2-Tz 




2-33 


Pr 


Me 


Me 


H 


H 


6-Cl 


2-Tz 


20 


2-34 


Bu 


Me 


Me 


H 


H 


6-Cl 


2-Tz 




2-35 


Pr 


Me 


Me 


H 


H 


6-OMe 


2-Tz 




2-36 


Bu 


Me 


Me 


H 


H 


6-OMe 


2-Tz 


25 


2-37 


Pr 


Me 


Et 


H 


H 


H 


2-Tz 




2-38 


Bu 


Me 


Et 


H 


H 


H 


2-Tz 




2-39 


Pr 


Et 


Et 


H 


H 


H 


2-Tz 




2-40 


Bu 


Et 


Et 


H 


H 


H 


2-Tz 


30 


2-41 


Pr 


Me 


Me 


H 


Bz 


H 


2-Tz 




2-42 


Pr 


Me 


Me 


H 


Bu 


H 


2-Tz 




2-43 


Bu 


Me 


Me 


H 


Bz 


H 


2-Tz 




2-44 


Bu 


Me 


Me 


H 


Bu 


H 


2-Tz 


35 


2-45 


Pr 


Et 


Et 


H 


Et 


H 


2-Tz 




2-46 


Pr 


Me 


Me 


H 


H 


H 


3-Tz 




2-47 


Pr 


Me 


Me 


H 


H 


H 


4-TZ 


40 


2-48 


Pr 


Me 


Me 


H 


(4-0AC) - 






c 












- (3-OMe)Bz 


H 


2-Tz 




2-49 


Pr 


Me 


Me 


H 


Fo 


H 


2-Tz 




2-50 


Pr 


Me 


Me 


H 


Ac 


H 


2-Tz 


45 


2-51 


Pr 


Me 


Me 


H 


H 


6-Cl 


3-Tz 




2-52 


Bu 


Me 


Me 


H 


H 


6-Cl 


3-Tz 




2-53 


Pr 


Me 


Me 


H 


H 


6-OMe 


3-Tz 




2-54 


Bu 


Me 


Me 


H 


H 


6-OMe 


3-Tz 


50 


2-55 


Pr 


Me 


Et 


H 


H 


H 


3-Tz 



55 



25 
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Table 2 (cont . ) 



Cpd. 
No. 



IT 



R 



5a 



2-56 


Bu 


Me 


Et 


H 


H 


H 


3-Tz 


2-57 


Pr 


Et 


Et 


H 


H 


H 


3-Tz 


2-58 


BU 


Et 


Et 


H 


H 


H 


3-Tz 


2-59 


Pr 


Me 


Me 


Me 


Et 


H 


3-Tz 


2-60 


Pr 


Me 


Me 


Me 


H 


H 


3-Tz 


2-61 


Bu 


Me 


Me 


Me 


Et 


H 


3-Tz 


2 - 62 


Bu 


Me 


Me 


Me 


H 


H 


3-Tz 


2-63 


Pr 


Et 


Et 


H 


Et 


H 


3-TZ 


2-64 


Pr 


Me 


Et 


Me 


H 


H 


2-Tz 


2-65 


Pr 


Me 


Me 


H 


Phth 


H 


2-Tz 


2-66 


Pr 


Me 


Me 


.Me 


Mod 


H 


2-Tz 


2-67 


Bu 


Me 


Me 


Me 


Mod 


H 


2-Tz 


2-68 


Et 


Me 


Me 


H 


H 


H 


2-Tz 


2-69 


Et 


Me 


Me 


H 


PivOCH 2 - 


H 


2-Tz 


2-70 


Et 


Me 


Me 


H 


EtcOCH 2 - 


H 


2-Tz 


2-71 


Et 


Me 


Me 


H 


iPrcOCH 2 - 


H 


2-Tz 


2-72 


Et 


Me 


Me 


H 


Et 


H 


2-Tz 


2-73 


Et 


Me 


Me 


H 


Mod 


H 


2-Tz 


2-74 


Et 


Me 


Me 


H 


Phth 


H 


2-Tz 


2-75 


Et 


Me 


Me 


Me 


H 


H 


2-Tz 


2-76 


Et 


Me 


Me 


Me 


PivOCH 2 - 


H 


2-Tz 


2-77 


Et 


Me 


Me 


Me 


Mod 


H 


2-Tz 
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Tfrble 3 



5 





Cpd. 

NO . 


-1 
R 


«2 
R 


3 

R 


4 

R 


R 5a 


10 


3-1 


Pr 


Me 


Me 


H 


PivOCH 2 - 




3-2 


Pr 


Me 


Me 


H 


AcOCH 2 - 


15 


3-3 


Pr 


Me 


Me 


H 


1- (PivO) Et 




3-4 


Pr 


Me 


Me 


H 


1- (AcO)Et 




-3-5 


Pr 


Me 


Me 


H 


£PnCO . OCH 2 - 




3-6 


Pr 


Me 


Me 


H 


cHxCO.OCH 2 - 


20 


j - / 


pr 


Me 


. Me 


H 


MecOCH 2 - 




1 Q 


Pr 


Me 


Me 


H 


1- CMecO) Et 




3-9 


Pr 


Me 


Me 


H 


EtcOCH 2 - 


25 


3 - 10 


Pr 


Me 


Me 


H 


1- (EtcO) Et 




J - 11 


Pr 


Me 


Me 


H 


1- (EtcO) -2-MePr 




3-12 


Pr 


Me 


Me 


H 


1- (EtcO) Pr 




3-13 


Pr 


Me 


Me 


H 


iPrcOCH 2 - 


30 


3 - 14 


Pr 


Me 


Me 


H 


1- (iPrcO) Et 




3-15 


Pr 


Me 


Me 


H 


l- (iPrcO) -2-MePr 




3-16 


Pr 


Me 


Me 


H 


1- (iPrcO) Pr 


35. 


3-17 


Pr 


Me 


Me 


H 


£Pn0.C0.0CH 2 - 


3-18 


Pr 


Mp 




IT 
XI 


CriXV . L.U . UCH 2 - 




3-19 


Pr 


Me 


Me 


H 


BucOCH 2 - 




3-20 


Pr 


Me 


Me 


H 


1- (BUCO) Et 


40 


3-21 


Pr 


Me 


Me 


H 


iBucOCH 2 - 




3-22 


Pr 


Me 


Me 


H 


l-(iBucO)Et 




3-23 


Pr 


Me 


Me 


H 


1- (sPnO.CO.O) Et 


45 


3-24 


Pr 


Me 


Me 


H 


1- (£HxO.CO.O) Et 


3-25 


Pr 


Me 


Me 


H 


Mod 




3-26 


Pr 


Me 


Me 


H 


Phth 




3-27 


Bu 


Et 


Et 


H 


PivOCH 2 - 


SO 


3-28 


Bu 


Me 


Me 


H 


AcOCH 2 - 
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Tafrie 3 (gpnr,,) 



5 



10 


Cpd. 
No. 


R 1 


R 2 


R 3 


R 4 


_5a 




3-29 


Bu 


Me 


Me 


H 






3-30 


Bu 


Me 


Me 


H 




15 


3-31 


Bu 


Me 


Me 


H 






3-32 


Bu 


Me 


Me 


H 






3-33 


Bu 


Me 


Me 


H 


MecOCH - 


20 


3-34 


Bu 


Me 


Me 


H 


1 - fMecO) Et 




3-35 


Bu 


Me 


Me 


H 


EtcOCH - 




3-36 


Bu 


Me 


Me 


H 


1 - ( EtcO) Et 




3-37 


Bu 


Me 


Me 


H 


1- (EtcO) -2-MePr 


25 


3-38 


Bu 


Me 


Me 


H 


1 - ( Et r*n "i Pr 




3-39 


Bu 


Me 


Me 


H 


iPrrOCW - 




3-40 


.Bu 


Me 


Me 


H 






3-41 


Bu 


Me 


Me 


H 


1 - f i PrrO\ .O.MoDr 


30 


3-42 


Bu 


Me 


Me 


H 


1 - f iPrcOl Pr 

J- V J- C -L ^ l c L 




3-43 


Bu 


Me 


Me 


H 


rpnO CO OCH * 
uruv » Wv . WII2 




3-44 


Bu 


Me 


Me 


H 


nUyO CO OCH - 


35 


3-45 


Bu 


Me 


Me 


H 


BucOCH« - 
2 


3-46 


Bu 


Me 


Me 


H 


1- (BucO) Et 




3-47 


Bu 


Me 


Me 


H 


iBucOCH 2 - 




3-48 


Bu 


Me 


Me 


H 


1- (iBucO) Et 


40 


3-49 


Bu 


Me 


Me 


H 


1- (cPnO.CO.O) Et 




3-50 


Bu 


Me 


Me 


H 


1- (cHxO.CO.O) Et 




3-51 


Bu 


Et 


Et 


H 


Mod 




3-52 


Bu 


Me 


Me 


H 


Phth 


45 


3-53 


Pr 


Me 


Me 


Me 


PivOCH 2 - 




3-54 


Pr 


Me 


Me 


Me 


AcOCH 2 - 




3-55 


Pr 


Me 


Me 


Me 


1- (PivO) Et 


50 


3-56 


Pr 


Me 


Me 


Me 


1- (AcO)Et 
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Table 3 (cont. ) 



5 



10 


Cpd. 
No . 




R 2 


R 3 


K. 


K 




3 - 57 


Dr 


Ma 

we 


Ma 

Me 


we 


SPnco . 0CH2 - 




3-58 




Mo 


Mo 


Mo 

we 


CxiXL-U . UCXI2 ~ 


15 


3-59 


Pr 


Me 


Mo 

tic 


Mo 

we 






3-60 


Pr 


Mp 

l IC 


Mo 


Ma 

we 






3-61 


XT i. _ 




Mo 


Ma 


n*#- f~*TJ 


20 


3-62 


Pr* 

C X. 


Mo 

We 


Mo 

we 


Ma 


x - IxiuCU; aC 




3-63 


Pr 


Me 


Me 


Mo 
wc 


i ^£iUCUj *s - We ir i 




3-64 


Pr 


Mo 


Mo 

rlc 


Mo 

we 






3-65 


Pr 


Mo 


Mo 

we 


Ma 

me 


1 *m /^\ T T 

iprcuv^x^ ■ 


25 


3-66 


Pr 


Mo 


Mo 


Mo 


x- \ifrcuj lie 




3-67 


XT i 


Ma 

we 


Ma 

we 


Ma 

Me 


1- (iPrcO) -2-MePr 




3-68 


Pr* 

XT i. 


Mo 

we 


Ma 


Ma 

Me 


1 - (lPrcoj Pr 


30 


3-69 


P-r 

xr X 


Mo 

We 


Mo 

ixi e 


Ma 

Me 


cexiu . LU - UCH2 " 




3-70 


p r 

XT £. 


Mo 

We 


Mo 

rue 


Ma 


CiiXU . LU • UCH2 ~ 




3-71 


Pr 

XT L. 


Mo 

we 


Ma 


Ma 

Me 


x3UCUL.ri2 " 




3-72 


Pr 


Mo 
ruts 


Mo 

me 


Mo 

we 


i. - v dUCU ; lie 


35 


3-73 


Pr 


Me 


Me 


Mo 


i*3 u. w \j v» n 2 




3-74 


Pr 


Mo 


Mo 


Mo 

we 


X- 1 iDUCUJ EitL 




3-75 


Pr 


Me 


Me 


Me 


1- (cPnO.CO.O) Et 


40 


3-76 


Pr 


Me 


Me 


Me 


1- (£Hx0.C0.0) Et 




3-77 


Pr 


Me 


Me 


Me 


Mod 




3-78 


Pr 


Me 


Me 


Me 


Phth 




3-79 


Bu 


Me 


Me 


Me 


PivOCH 2 - 


45 


3-80 


Bu 


Me 


Me 


Me 


AcOCH 2 - 




3-81 


Bu 


Me 


Me 


Me 


1- (PivO) Et 




3-82 


Bu 


Me 


Me 


Me 


1- (AcO)Et 


50 


3-83 


Bu 


Me 


Me 


Me 


cPnCO • 0CH 2 - 


3-84 


Bu 


Me 


Me 


Me 


£HxC0.0CH 2 - 



55 
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Table 3 (coat J 



Cpd. 
No. 



10 



R 



,5a 







Bu 


Me 




3-86 


Bu 


Me 


15 


3-87 


Bu 


Me 




3-88 


Bu 


Me 




3-89 


Bu 


Me 


20 


3 - 90 


Bu 


Me 




3-91 


Bu 


Me 




3 - 92 


Bu 


Me 






Bu 


Me 


01 
aO 


3 - 94 


Bu 


Me 




3 - 95 


Bu 


Me 




3-96 


Bu 


Me 




3-97 


BU 


Me 


30 










3-98 


Bu 


Me 




3-99 


Bu 


Me 




3-100 


Bu 


Me 


35 


3-101 


Bu 


Me 




3-102 


Bu 


Me 




3-103 


Bu 


Me 




3-104 


Bu 


Me 


40 


3-105 


Et 


Me 




3-106 


Et 


Me 




3-107 


Et 


Me 


45 


3-108 


Et 


Me 




3-109 


Et 


Me 




3-110 


' Et 


Me 




3-111 


Et 


Me 


50 


3-112 


Et 


Me 



Me 


Me 


MecOCH 2 - 


Me 


Me 


l- (MecO)Et 


Me 


Me 


EtcOCH 2 - 


Me 


Me 


1- (EtcO)Et 


Me 


Me 


1- (EtcO) -2-MePr 


Me 


Me 


1- (EtcO) Pr 


Me 


Me 


iPrcOCH 2 - 


Me 


Me 


1- (iPrcO)Et 


Me 


Me 


1- (iPrcO) -2-MePr 


Me 


Me 


1- (iPrcO) Pr 


Me 


Me 


QPnO . CO . OCH 2 - 


Me 


Me 


CHXO . CO . OCH 2 - 


Me 


Me 


BucOCH 2 - 


Me 


Me 


1- (BucO)Et 


Me 


Me 


iBucOCH 2 - 


Me 


Me 


1- (iBucO)Et 


Me 


Me 


1- (cPnO.CO.O)Et 


Me 


Me 


1- (cHxO.CO.O) Et 


Me 


Me 


Mod 


Me 


Me 


Phth 


Me 


H 


PivOCH 2 - 


Me 


H 


AcOCH 2 - 


Me 


H 


EtcOCH 2 - 


Me 


H 


1- (EtcO) Et 


Me 


H 


iPrcOCH 2 - 


Me 


H 


1- (iPrcO)Et 


Me 


H 


Mod 


Me 


H 


Phth 



55 
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Table 3 (cont. I 



w 



15 



20 



25 



30 



35 



40 



45 



Cpd. 

NO, 


R 


_2 
R 


R 


4 

R 


_5cL 

R 


3 - 113 


. - 
Pil 


Me 


Me 


H 


PivOCH 2 - 


3 - 114 


Pn 


Me 


Me 


H 


AcOCH 2 - 




Fn 


we 


Me 


H 


EtcOCH 2 - 


3 - 116 


Pn 


Me 


Me 


H 


1- (EtcO) Et 


3 - 117 


Pn 


Me 


Me. 


H 


iPrcOCH 2 - 


3 - 118 


Pn 


Me 


Me 


H 


1- (iPrcO) Et 


o lift 
3 - 119 


Pn 


Me 


Me 


H 


Mod 


3 - 120 


Pn 


Me 


Me 


H 


Phth 


3 - 121 


Pr 


Me 


Et 


H 


PivOCH 2 - 


3 - 122 


Pr 


Me 


Et 


H 


AcOCH 2 - 


■3 1 n *a 
0 - 12 J 


pr 


Me 


Et 


H 


EtcOCH 2 - 




PIT 


Me 


Et 


H 


1- (EtcO) Et 


3 - 125 


Pr 


Me 


Et 


H 


iPrcOCH 2 - 


3-126 


Pr 


Me 


Et 


H 


1- (iPrcO) Et 


' 3-127 


Pr 


Me 


Et 


H 


Mod 


3-128 


Pr 


Me 


Et 


H 


Phth 


3-129 


Pr 


Et 


Et 


H 


PivOCH 2 - 


3-130 


Pr 


Et 


Et 


H 


AcOCH 2 - 


3-131 


Pr 


Et 


Et 


H 


EtcOCH 2 - 


3-132 


Pr 


Et 


Et 


H 


1- (EtcO)Et 


3-133 


Pr 


Et 


Et 


H 


iPrcOCH 2 - 


3-134 


Pr 


Et 


Et 


H 


1- (iPrcO)Et 


3-135 


Pr 


Et 


Et 


H 


Mod 


3-136 


Pr 


Et 


- Et 


H 


Phth 



50 



55 
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Table 4 



5 





Cpd. 
No. 


R 1 


R 2 


,R 4 


R 5a 


10 














4-1 


Pr 


H 


H 


H 




4-2 


Pr 


H 


H 


Me 


15 


4-3 


Pr 


H 


H 


Et 




4-4 


Pr 


H 


H 


PivOCH 2 - 




4-5 


Pr 


H 


H 


Mod 




4-6 


Pr 


H 


H 


EtcOCH 2 - 


20 














4-7 


Pr 


H 


H 


iPrcOCH 2 - 




4-8 


Pr 


H 


H 


1- (EtcO) Et 




4-9 


Pr 


H 


H 


1- (iPrcO) Et 


25 


4-10 


Pr 


H 


H 


Phth 




4-11 


Pr 


H 


Me 


H 




4-12 


Pr 


H 


Me 


Me 


30 


4-13 


Pr 


H 


Me 


Et 


4-14 


Pr 


H 


Me 


PivOCH 2 - 




4-15 


Pr 


H 


Me 


Mod 




4-16 


Pr 


H 


Me 


EtcOCH 2 - 


35 


4-17 


Pr 


H 


Me 


iPrcOCH 2 - 






r>— . 
ri 


ri 


Me 


T / T7t- r*C\ ^ T?t- 
X - \ & CCU ) CiU 




4-19 


Pr 


H 


Me 


1- (iPrcO) Et 


40 


4-20 


Pr 


H 


Me 


Phth 




4-21 


Pr 


H 


Fo 


H 




4-22 


Pr 


H 


Fo 


PivOCH 2 - 




4-23 


Pr 


H 


Fo 


Mod 


45 


4-24 


Pr 


H 


FO 


Phth 




4-25 


Pr 


H 


Ac 


H 




4-26 


Pr 


H 


AC 


PivOCH 2 - 


50 


4-27 


Pr 


H 


Ac 


Mod 




4-28 


Pr 


H 


Ac 


Phth 
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Table 4 (coqt;. ) 



,5a 



Cpd. 
No. 



4-29 


Pr 


Me 


H 


H 


4-30 


Pr 


Me 


H 


Et 


4-31 


Pr 


Me 


H 


PivOCH 2 - 


4-32 


Pr 


Me 


H 


Mod 


4-33 


Pr 


Me 


H 


EtcOCH 2 - 


4-34 


Pr 


Me 


H 


iPrcOCH 2 - 


4-35 


Pr 


Me 


H 


Phth 


4-36 


Pr 


Me 


Me 


H 


4-37 


Pr 


Me 


Me 


Et 


4-38 


Pr 


Me 


Me 


PivOCH 2 - 


4-39 


Pr 


Me 


Me 


Mod 


4-40 


Pr 


Me 


Me 


Phth 


4-41 


Pr 


Et 


H 


H 


4-42 


Pr 


Et 


H 


Et 


4-43 


Pr 


Et 


H 


PivOCH 2 - 


4-44 


Pr 


Et 


H 


Mod 


4-45 


Pr 


Et 


H 


Phth 


4-46 


Bu 


H 


H 


H 


4-47 


Bu 


H 


H 


Me 


4-48 


Bu 


H 


H 


Et 


4-49 


Bu 


H 


H 


PivOCH 2 - 


4-50 


Bu 


H 


H 


Mod 


4-51 


Bu 


H 


H 


EtcOCH 2 - 


4-52 


Bu 


H 


H 


iPrcOCH 2 - 


4-53 


Bu 


H 


H 


1- (EtcO)Et 


4-54 


Bu 


H 


H 


1- (iPrcO) Et 


4-55 


Bu 


H 


H 


Phth 


4-56 


Bu 


H 


Me 


H 
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Table 4 (cont , ) 



,5a 



Cpd. 
No. 



4-57 


Bu 


H 


Me 


Me 


4-58 


Bu 


H 


Me 


Et 


4-59 


Bu 


H 


Me 


PivOCH 2 - 


4-60 


Bu 


H 


Me 


Mod 


4-61 


Bu 


H 


Me 


EtcOCH 2 ~ 


4-62 


Bu 


H 


Me 


iPrcOCH 2 - 


4-63 


Bu 


H 


Me 


1- (EtcO) Et 


4-64 


Bu 


H 


Me 


1- (iPrcO) Et 


4-65 


Bu 


H 


Me 


Phth 


4-66 


Bu 


H 


Fo 


H 


4-67 


Bu 


H 


Fo 


PivOCH 2 - 


4-68 


Bu 


H 


Fo 


Mod 


4-69 


• BU 


H 


Fo 


Phth 


4-70 


Bu 


H 


Ac 


H 


4-71 


Bu 


H 


AC 


PivOCH 2 - 


4-72 


Bu 


H 


AC 


Mod 


4-73 


Bu 


H 


AC 


Phth 


4-74 


Bu 


Me 


H 


H 


4-75 


Bu 


Me 


H 


Et 


4-76 


Bu 


Me 


H 


PivOCH 2 - 


4-77 


Bu 


Me 


H 


Mod 


4-78 


Bu 


Me 


H 


EtcOCH 2 - 


4-79 


Bu 


Me 


H 


iPrcOCH 2 - 


4-80 


Bu 


Me 


H 


Phth 


4-81 


Bu 


Me 


Me 


H 


4-82 


BU 


Me 


Me 


Me 


4-83 


Bu 


Me 


Me 


PivOCH 2 - 


4-84 


Bu 


Me 


Me 


Mod 
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Table 4 (cont.) 

5 



No. 

10 





*fc - a d 




Me 


Me 


Phth 


15 


A - QtZ 
*± ~ O D 


Bu 


Et 


H 


H 


A - ft *7 


Bu 


Et 


H 


Me 




4-88 


Bu 


Et 


H 


PivOCH- - 
2 




4-89 


Bu 


Et 


H 


Mod 


20 


4-90 


Bu 


Et 


H 


Phth 




4 - 91 


Et 


H 


H 


H 






Et 


H 


Et 


H 




A - 

*t -7 «J 


Et 


H 


Et 


Piv0CH o - 


25 


4. - Q4. 


Et 


H 


Et 


Mod 




*± -7 J 


Et 


H 


Et 


Phth 




4-96 


Pn 


H 


H 


H 


30 


4-97 


Pn 


H 


H 


Et 




4-98 


Pn 


H 


H 


PivOCH 2 - 




4-99 


Pn 


H 


H 


Mod 




4-100 


Pn 


H 


H 


Phth 


35 


4-101 


Pr 


iPr 


H 


H 




4-102 


Pr 


iPr 


H 


PivOCH 2 - 




4-103 


Pr 


iPr 


H 


Mod 


40 


4-104 


Pr 


t;Bu 


H 


H 




4-105 


Pr 


tBu 


H 


PivOCH 2 




4-106 


Pr 


tBu 


H 


Mod 




4-107 


Et 


Me 


H 


H 


45 


4-108 


Et 


Me 


H 


Et 




4-109 


Et 


Me 


H 


PivOCH 2 




4-110 


Et 


Me 


H 


Mod 


50 


4-111 


Et 


Me 


H 


Phth 



55 
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TfrJple 4 (gpnfc. ) 



Cpd. 
No. 



5 5a 



to 



4-112 
4-113 
4-114 
4-115 



Et 
Et 
Et 
Et 



H 
H 

Me 
Me 



H 
H 
H 
H 



PivOCH 2 
Mod 

PivOCH. 
Mod 



20 



25 



30 



35 



40 



45 



50 



55 
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Table 5 



10 



Cpd. 
No. 





5-1 


Pr 


H 


H 


H 


COOH 


H 


H 


15 


5-2 


Pr 


Me 


H 


H 


COOH 


H 


H 




5-3 


Pr 


Et 


H 


H 


COOH 


H 


H 




5-4 


Pr 


Pr 


H 


H 


COOH 


H 


H 




5-5 


Pr 


iPr 


H 


H 


COOH 


H 


H 


20 


5-6 


Pr 


tBu 


H 


H 


COOH 


H 


H 




5-7 


Pr 


Me 


Me 


H 


COOH 


H 


H 




5-8 


Pr 


Me 


Et 


H 


COOH 


H 


H 




5-9 


Pr 


H 


H 


Me 


COOH 


H 


H 


25 


5-10 


Pr 


H 


H 


Et 


COOH 


H 


H 




5-11 


Pr 


Me 


H 


Me 


COOH 


H 


H 




5-12 


Pr 


Et 


H 


Me 


COOH 


H 


H 


30 


5-13 


Pr 


iPr 


H 


Me 


COOH 


H 


H 


5-14 


Pr 


£Bu 


H 


Me 


COOH 


H 


H 




5-15 


Pr 


H 


H 


Fo 


COOH 


H 


H 




5-16 


Pr 


Me 


H 


Fo 


COOH 


H 


H 




5-17 


Pr 


Et 


H 


Fo 


COOH 


H 


H 


35 




















5-18 


Pr 


iPr 


H 


FO 


COOH 


H 


H 




5-19 


Pr 


£Bu 


H 


Fo 


COOH 


H 


H 




5-20 


Pr 


H 


H 


Ac 


COOH 


H 


H 


40 


5-21 


Pr 


Me 


H 


AC 


COOH 


H 


H 


5-22 


Pr 


Et 


H 


AC 


COOH 


H 


H 




5-23 


Pr 


iPr 


H 


AC 


COOH 


H 


H 




5-24 


Pr 


£Bu 


H 


AC 


COOH 


H 


H 


45 


5-25 


Pr 


H 


H 


H 


COOH 


H 


Me 




5-26 


Pr 


H 


H 


H 


COOH 


H 


Et 




5-27 


Pr 


H 


H 


H 


COOH 


H 


Pr 




5-28 


Pr 


H 


H 


H 


COOH 


H . 


iPr 



50 
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Table 5 (cont.) 



Cpd. 
No. 



10 



15 



20 



25 



30 



35 



50 



5-29 


Pr 


H 


H 


H 


COOH 


H 


iBu 


5-30 


Pr 


H 


H 


H 


COOH 


H 


iPn 


5-31 


Pr 


H 


H 


H 


COOH 


Me 


Me 


5-32 


Pr 


H 


H 


H 


Tz 


H 


H 


5-33 


Pr 


Me 


H 


H 


Tz 


H 


H 


5-34 


Pr 


Et 


H 


H 


Tz 


H 


H 


5-35 


Pr 


Pr 


H 


H 


Tz 


H 


H 


5-36 


Pr 


iPr 


H 


H 


Tz 


H 


H 


5-3 7 


Pr 


tBu 


H 


H 


Tz 


H 


H 


5-38 


Pr 


Me 


Me 


H 


Tz 


H 


H 


5-39 


Pr 


Me 


Et 


H 


Tz 


H 


H 


5-40 


Pr 


H 


H 


Me 


Tz 


H 


H 


5-41 


Pr 


H 


H 


Et 


Tz 


H 


H 


5-42 


Pr 


Me 


H 


Me 


Tz 


H 


H 


5-43 


Pr 


Et 


H 


Me 


Tz 


H 


H 


5-44 


Pr 


iPr 


H 


Me 


' Tz 


H 


H 


5-45 


Pr 


tBu 


H 


Me 


Tz 


H 


H 


5-46 


Pr 


H 


H . 


Fo 


Tz 


H 


H 


5-47 


Pr 


Me 


H 


Fo 


TZ 


H 


H 


5-48 


Pr 


Et 


H 


FO 


Tz 


H 


H 


5-49 


Pr 


iPr 


H 


FO 


Tz 


H 


H 


5-50 


Pr 


tBu 


H 


FO 


Tz 


H 


H 


5-51 


Pr 


H 


H 


AC 


Tz 


H 


H 


5-52 


Pr 


Me 


H 


AC 


Tz 


H 


H 


5-53 


Pr 


Et 


H 


Ac 


Tz 


H 


H 


5-54 


Pr 


iPr 


H 


Ac 


Tz 


H 


H 


5-55 


Pr 


tBu 


H 


Ac 


Tz 


H 


H 


5-56 


Pr 


H 


H 


H 


Tz 


H 


Me 
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Table 5 (cont. ) 



Cpd. 
No. 



R 



10 





5-57 


Pr 


H 


H 


H 


Tz 


ij 

IX 


Ft* 




5-58 


Pr 


H 


H 


H 


Tz 

X £t 


n 


Pt* 

ET J. 


15 


5-59 


Pr 


H 


H 


H 




IT 

n 


i Pr 




5 - 60 


Pr 


H 


H 


H 




X3 

n 


i.DU 




5-61 


Pr 




H 


n 




IX 

n 




20 


5-62 


Pr 


H 


H 


H 


Tz 


M<=> 


IMC 




5-63 


Bu 


H 


H 


H 


COOH 


n 


XT 




5-64 


Bu 


Me 


H 


H 


COOH 


ix 

n 


tJ 

n 




5-65 


Bu 


EC 


H 


H 


COOH 


H 




25 


5-66 


Bu 


Pr 


H 


H 


COOH 


H 


H 




5-67 


Bu 


ipr 


H 


H 


COOH 


H 


u 




5-68 


Bu 


£Bu 


H 


H 


COOH 


H 


H 




z> - by 


n,, 

oU 


Me 


Me 


H 


COOH 


H 


H 


30 




















5-70 


Bu 


Me 


Et 


H 


COOH 


H 


H 




5-71 


Bu 


H 


H 


Me 


COOH 


H 


H ' 




5-72 


Bu 


H 


H 


Et 


COOH 


H 


H 


35 


5-73 


Bu 


Me 


H 


Me 


COOH 


H 


H 




5-74 


Bu 


Et 


H 


Me 


COOH 


H 


H 




5-75 


Bu 


iPr 


H 


Me 


COOH 


H 


H 




5-76 


Bu 


tBu 


H 


Me 


COOH 


H 


H 


40 


5-77 


Bu 


H 


H 


Fo 


COOH 


H 


H 




5-78 


Bu 


Me 


H 


Fo 


COOH 


H 


H 




5-79 


BU 


Et 


H 


Fo 


COOH 


H 


H 


45 


5-80 


Bu 


iPr 


H 


Fo 


COOH 


H 


H 




5-81 


Bu 


tBu 


H 


Fo 


COOH 


H 


H 




5-82 


Bu 


H 


H 


Ac 


COOH 


H 


H 




5-83 


Bu 


Me 


H 


Ac 


COOH 


H 


H 


50 


5-84 


Bu 


Et 


H 


Ac 


COOH 


H 


H 
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Table 5 (cont.) 



10 



15 



20 



25 



30 



35 



40 



45 



50 



No 




R 2 


R 3 


R 4 


R 7 


R 8 


R 9 

In. 


5-85 


Bu 


iPr 


H 


Ac 


COOH 

WWII 


U 

Xi 


H 


5-86 


Bu 


tBu 


H 


Ac 


COOH 


H 


H 


5-87 


Bu 


H 


H 


H 


COOH 


H 


Me 


5-88 


Bu 


H 


H 


H 


COOH 


H 


Et 


5-89 


Bu 


H 


H 


H 


COOH 


H 


Pr 


5-90 


Bu 


H 


H 


H 


COOH 


H 


iPr 


5-91 


Bu 


H 


H 


H 


COOH 


H 


d.Bu 


5-92 


Bu 


H 


H 


H 


COOH 


H 


iPn 


5-93 


Bu 


H 


H 


H 


COOH 


Me 


Me 


5-94 


Bu 


H 


H 


H 


Tz 


H 


H 


5-95 


Bu 


Me 


H 


H 


Tz 


H 


H 


5-96 


Bu 


Et 


H 


H 


Tz 


H 


H 


5-97 


Bu 


Pr 


H 


H 


Tz 


H 


H 








u 
n 




Tz 


H 




5-99 




tBu 


H 


H 


Tz 


H 


H 


5 - 100 


Bu 


Me 


Me 


H 


Tz 


H 


H 


c; - i ni 

j Iwl 


DU 




H L. 


it 


1 2 


ri 


u 
n 


5-102 


BU 


H 


H 


Me 


Tz 


H 


H 


5-103 


Bu 


H 


H 


Et 


Tz 


H 


H 


5-104 


Bu 


Me 


H 


Me 


Tz 


H 


H 


5-105 


BU 


Et 


H 


Me 


Tz 


H 


H 


5-106 


BU 


iPr 


H 


Me 


Tz 


H 


H 


5-107 


BU 


£Bu 


H 


Me 


Tz 


H 


H 


5-108 


Bu 


H 


H 


Fo 


Tz 


H 


H 


5-109 


Bu 


Me 


H 


Fo 


Tz 


H 


H 


5-110 


Bu 


It 


H 


Fo 


Tz 


H 


H 


5-111 


Bu 


iPr 


H 


Fo 


Tz 


H 


H 


5-112 


Bu 


tBu 


H 


Fo 


Tz 


H 


H 
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Table 5 (cont.) 



5 



10 


Cpd. 

NO. 


R 1 


R 2 


R 3 


R 4 


R 7 


R 8 


R 9 






5-113 


Bu 


H 


H 


Ac 


Tz 


H 


H 




15 


5-114 


Bu 


Me 


H 


AC 


Tz 


H 


H 




5-115 


Bu 


Et 


H 


Ac 


Tz 


H 


H 






5-116 


Bu 




H 


AC 


Tz 


H 


H 






5-117 


Bu 


tBu 


H 


AC 


Tz 


H 


H 




20 


5-118 


BU 


H 


H 


H 


Tz 


H 


Me 




- 


5-119 


Bu 


H 


H 


H 


Tz 


H 


Et 






5-120 


Bu 


H 


H 


H 


Tz 


H 


Pr 






5-121 


Bu 


H 


H 


H 


Tz 


H 


iPr 




25 


5-122 


Bu 


H 


H 


H 


Tz 


H 


iBu 






5-123 


Bu 


H 


H 


H 


Tz 


H 


iPn 






5-124 


Bu 


H 


H 


H 


Tz 


Me 


Me 






5-125 


Bu 


H 


H 


H 


COOH 


H 


CH 2 COOH 




30 






















5-126 


Bu 


H 


H 


H 


COOH 


H 


CH 2 C00Et 






5-127 


Bu 


H 


H 


H 


COOH 


H 


1- (HOOC) Et 






5-128 


Bu 


H 


H 


H 


COOH 


H 


1- (Etc) Et 




35 


5-129 


Bu 


H 


H 


H 


COOH 


H 


2- (HOOC) Et 






5-130 


Bu 


H 


H 


H 


COOH 


H 


2- (Etc) Et 






5-131 


BU 


H 


H 


H 


COOH 


H 


a- (HOOC)Bz 






5-132 


Bu 


H 


H 


H 


COOH 


H 


1- (HOOC) -2- 


(Ph)Et 


40 


5-133 


Bu 


H 


H 


H 


COOH 


H 


1- (HOOC) -2- 


(Fu) Et 




5-134 


Bu 


H 


H 


H 


COOH 


H 


1- (HOOC) -2- 


(Th)Et 




5-135 


Bu 


H 


H 


H 


COOH 


H 


1- (HOOC) -2- 


(Im)Et 


45 


5-136 


Bu 


H 


H 


H 


COOH 


H 


1- (HOOC) -2- 


(HO) Et 




5-137 


Bu 


H 


H 


H 


COOH 


H 


1- (HOOC) -2- 


(MeO)Et 




5-138 


Bu 


Me 


H 


H 


COOH 


H 


CH 2 COOH 






5-139 


Bu 


Me 


H 


H 


COOH 


H 


CH 2 COOEt 




50 


5-140 


Bu 


Me 


H 


H 


COOH 


H 


1- (HOOC)Et 
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Table S (eont.) 



5 


Cpd. 
No . 


R 1 


R 2 


R 3 

r\. 


R 4 


R 7 


R 8 


K. 




10 






















5 - 141 




Me* 


XX 


LJ 

n 


pnnu 

v-uun 


LT 
fx 


X - V XiCC ) HC 






5 - 142 


Bu 


wc 


tr 
n 


tr 
n 




IT 
Xl 


Z I XlL/UC/ £iC 




15 


5-143 


Bu 


Me 


L7 

XX 


li 
xx 




XI 
fl 


Z - ^ ilCC J xLC 






5-144 


Bu 


Me 


H 


XX 


pooh 


tr 

XX 


Ct - ^ fUJUL. y x3Z 






5 - 145 


Bu 


Me 


H 


U 
XX 


COOH 


lt 

XX 


J- \ flwWv^. ; - Z - 


\ rTl J fit- 




5-146 


Bu 


Me 


H 


H 


COOH 


LT 

rx 


X - V fiUUC J " Z " 


V r Li ; xl c 


20 


5-147 


Bu 


Me 


H 




oooh 


li 

XX 


x v nuuL ) - z - 


\ 1 11 y fit. 




5-148 


Bu 


Me 


H 


« 

XX 


cooh 


LI 

n 


X - l rlvyvyv^. ; - Z 


\ XiU/ XL U 




5-149 


Bu 


Me 


XX 


XT 

XX 


OOOH 

V»» VJ wXX 


LT 

xi 


x - v nuuL ; - z - 


\ flU ) XiC 


25 


5-150 


Bu 


Mp 


lt 

XX 


TJ 

n 


OOOH 


LT 
Xl 


x- trtwwi*,/ -z- 


\jyieuj nc 




5-151 


Bu 


iPxT 




XT 

XX 


WwwXX 


LT 

n 


py nnOLT 






5-152 


Bu 


iPr 


XX 


u 

XX 


ponw 


H 

fx 


cw rooT?h 
^*^^f-* ^ 




30 


5 - 153 


Bu 


i Pr 

JL £T X 


L7 

XX 


LJ 
xi 


pnnw 

\-.VJWfl 


IT 
Xl 


1 - / woo cm t?t- 






5 - 154 


ou 




LT 
XX 


xl 


\-vJvJfi 


LT 

n. 


x - \ ace ; 






5 - 155 


Bu 


"i Py 

X XT X 


LT 

n 


n 


LUUfl 


LT 
fl 








5 - 156 


Bu 


J~ XT X 


lt 
rx 


lx 

XX 


oooh 


LT 
fl 


/ L? fr- /-i \ IT t- 




35 


5 - 157 


Bu 


i Pr 

-L .rr JL 


LT 
rx 


ti 

XX 


\— ^J^-/XX 


LT 
Xl 


a - \ xiUUL J - bZ 






5 - 158 


Bu 




LT 

XX 


■LT 
XX 


Luun 


h 
xi 


X - \ rlvJVJL. ; - Z - 


/ DVi \ L?f 




C ICQ 


BU 


iPr 


H . 


H 


COOH 


H 


1- (HOOC) -2- 


(Fu) Et 


40 


5-160 


Bu 


iPr 


H 


H 


COOH 


H 


1- (HOOC) -2- 


(Th) Et 




5-161 


Bu 


iPr 


H 


H 


COOH 


H 


1- (HOOC) -2- 


(Im)Et 




5-162 


Bu 


iPr 


H 


H 


COOH 


H 


1- (HOOC) -2- 


(HO) Et 




5-163 


Bu 


iPr 


H 


H 


COOH 


H 


1- (HOOC) -2- 


(MeO) Et 


45 


5-164 


Bu 


tBu 


H 


H 


COOH 


H 


CH 2 COOH 






5-165 


Bu 


tBu 


H 


H 


C00H- 


H 


CH 2 COOEt 






5-166 


Bu 


tBu 


H 


H 


COOH 


H 


1- (HOOC) Et 




50 


5-167 


Bu 


tBu 


H 


H 


COOH 


H ' 


1- (EtC)Et 






5-168 


Bu 


tBu 


H 


H 


COOH 


H 


2- (HOOC) Et 
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Table 5 (cc-nt.) 



Cpd. R 1 R 2 R 3 R 4 R 7 R 8 R 9 

No. 



5- 


169 


Bu 


tBu 


H 


H 


COOH 


H 


2- (Etc)Et 




5- 


170 


Bu 


£Bu 


H 


H 


COOH 


H 


a- (HOOC) -Bz 




5- 


171 


Bu 


tBu 


H 


H 


COOH 


H 


1- (HOOC) -2- 


(Ph) Et 


5- 


172 


Bu 


tBu 


H 


H 


COOH 


H 


1- (HOOC) -2- 


(Fu)Et 


5- 


173 


BU 


£Bu 


H 


H 


COOH 


H 


1- (HOOC) -2- 


(Th)Et 


5- 


174 


Bu 


tBu 


H 


H 


COOH 


H 


1- (HOOC) -2- 


(Im) Et 


5- 


175 


Bu 


tBu 


H 


H 


COOH 


H 


1- (HOOC) -2- 


(HO) Et 


5- 


176 


Bu 


tBu 


H 


H 


COOH 


H 


1- (HOOC) -2- 


(MeO)Et 


5- 


177 


Bu 


H 


H . 


H 


Tz 


H 


CH o C00H 
2 




5- 


178 


Bu 


H 


H 


H 


Tz 


H 


CH o C00Et 
2 




5- 


179 


Bu 


H 


H 


H 


Tz 


H 


1- (HOOC)Et 




5- 


180 


Bu 


H 


H 


H 


Tz 


H 


1- (Etc) Et 




5- 


181 


Bu 


H 


H 


H 


Tz 


H 


2 - (HOOC) Et 




5- 


182 


Bu 


H 


H 


H 


Tz 


H 


2- (Etc) Et 




5- 


183 


Bu 


H 


H 


H 


Tz 


H 


a- (HOOC) -BZ 




5- 


184 


Bu 


H 


H 


H 


Tz 


H 


1- (HOOC) -2- 


(Ph) Et 


5- 


185 


Bu 


H 


H 


H 


Tz 


H 


1- (HOOC) -2- 


(Fu) Et 


5- 


186 


Bu 


H 


H 


H 


Tz 


H 


1- (HOOC) -2- 


(Th) Et 


5- 


187 


Bu 


H 


H 


H 


Tz 


H 


1- (HOOC) -2- 


(Im) Et 


5- 


188 


Bu 


H 


H 


H 


Tz 


H 


1- (HOOC) -2- 


(HO) Et 


5- 


189 


Bu 


H 


H 


H 


Tz 


H 


1- (HOOC) -2- 


(MeO)Et 


5- 


190 


Bu 


Me 


H 


H 


Tz 


H 


CH 2 COOH 




5- 


191 


Bu 


Me 


H 


H 


Tz 


H 


CH 2 COOEt 




5- 


192 


Bu 


Me 


H 


H 


Tz 


H 


1- (HOOC)Et 




5- 


193 


Bu 


Me 


H 


H 


Tz 


H 


1- (Etc) Et 




5- 


194 


Bu 


Me 


H 


H 


Tz 


H 


2- (HOOC) Et 




5- 


195 


Bu 


Me 


H 


H 


Tz 


H 


2- (Etc)Et . 




5- 


196 


Bu 


Me 


H 


H 


Tz 


H 


a- (HOOC) -Bz 
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Table 5 (cont . ) 





Cpd. 
No. 


R 1 


R 2 


R 3 


R 4 


R 7 


R 8 


R 9 


10 




















5-197 


Bu 


Me 


H 


H 


Tz 


H 


1- (HOOC) -2- (Ph)Et 




5-198 


Bu 


Me 


H 


H 


Tz 


H 


1- (HOOC) -2- (Fu)Et 


15 


5-199 


Bu 


Me 


H 


H 


Tz 


H 


1- (HOOC) -2- (Th)Et 




5-200 


Bu 


Me 


H 


H 


Tz 


H 


1- (HOOC) -2- (Im)Et 




5-201 


Bu 


Me 


H 


H 


Tz 


H 


1- (HOOC) -2- (HO) Et 




5-202 


Bu 


Me 


H 


H 


Tz 


H 


1- (HOOC) -2- (MeO)Et 


20 


5-203 


Bu 


iPr 


H 


H 


Tz 


H 


CH 2 C00H 




5-204 


Bu 


iPr 


H 


H 


Tz 


H 


CH 2 CO0Et 




5-205 


Bu 


iPr 


H 


H 


Tz 


H 


1- (HOOC) Et 


25 


5-206 


Bu 


iPr 


H 


H 


Tz 


H 


1- (Etc)Et 




5-207 


Bu 


iPr 


H 


H 


Tz 


H 


2- (HOOC)Et 




5-208 


BU 


iPr 


H 


H 


TZ 


H 


2- (Etc) Et 




5-209 


Bu 


iPr 


H 


H 


Tz 


H 


a- (HOOC) -Bz 


30 


5-210 


Bu 


iPr 


H 


H 


Tz 


H 


1- (HOOC) -2- (Ph)Et 




5-211 


BU 


iPr 


H 


H 


TZ 


H 


1- (HOOC) -2- (Fu)Et 




5-212 


Bu 


iPr 


H 


H 


Tz 


H 


1- (HOOC) -2- (Th)Et 


35 


5-213 


Bu 


iPr 


H 


H 


Tz 


H 


1- (HOOC) -2- (Im)Et 




5-214 


BU 


iPr 


H 


H 


Tz 


H 


1- (HOOC) -2- (HO) Et 




5-215 


Bu 


iPr 


H 


H 


Tz 


H 


1- (HOOC) -2- (MeO) Et 


40 


5-216 


Bu 


tBu 


H 


H 


Tz 


H 


CH 2 COOH 


5-217 


BU 


£Bu 


H 


H 


Tz 


H 


CH 2 COOEt 




5-218 


Bu 


tBu 


H 


H 


Tz 


H 


1- (HOOC)Et 




5-219 


Bu 


tBu 


H 


H 


Tz 


H 


1- (Etc) Et 


45 


5-220 


BU 


tBu 


H 


H 


Tz 


H 


2- (HOOC) Et 




5-221 


Bu 


tBu 


H 


H 


Tz 


H 


2- (Etc) Et 




5-222 


Bu 


tBu 


H 


H 


Tz 


H 


■ a- (HOOC) -Bz 


50 


5-223 


Bu 


tBu 


H 


H 


Tz 


H 


1- (HOOC) -2- (Ph)Et 




5-224 


Bu 


tBu 


H 


H 


Tz 


H 


1- (HOOC) -2- (Fu)Et 
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Table 5 (cont.) 

5 



C P d. R 1 R 2 R 3 R 4 R 7 R* R* 

No. 

10 



15 



25 



30 



35 



40 



45 



50 



5 


-225 


Bu 


tBu 






± 


TJ 

rl 


X - \ nUUL ) - Z - 


ITn) Et 


5 


-226 


Bu 


tBu 


H 


n 


X £t 


n 


i - / ur\r\r* \ o 

X - \ £l\J\J\- ) - z - 


f Tm \ E»#- 

t im) jcj l 


5 


-227 


Bu 


tBu 


H 


ZJ 
£1 


± £t 


xl 


1- vriUUCJ - Z - 


IriU) St 


5 


- 228 


Bu 


£Bu 




TJ 

n 


T 7 
X 


n 


J. - iriUUL) - ^ - 


(MeO) Et 


5 


-229 


Pr 


H 




£1 




n 






5 


-230 


Pr 


H 




•L2 

n 




It 






5 


-231 


Pr 


H 


H 


TJ 
£2 




TJ 

n 






5 


-232 


Pr 


H 


H 


n 




ti 
n 


X - ^ CiCC ; AC 




5 


-233 


Pr 


H 


H 




POOH 


u 
n 


\nuuL) fit 




5 


-234 


Pr 


H 


H 


H 




n 


« yCitC / fit 




5 


-235 


Pr 


H 


H 


ii 




n 


ot - - oz 




5 


-236 


Pr 


H 


H 


H 

£3 




tr 
n 


x - \ nuuL / - z - 




c 

_> 


O O T 


Pr 


H 


H 


H 


COOH 


H 


1- (HOOC) -2- 


(Fu) Et 


5 


-238 


Pr 


H 


H 


H 


COOH 


H 


1- (HOOC) -2- 


(Th) Et 


5 


-239 


Pr 


H 


H 


H 


COOH 


H 


1- (HOOC) -2- 


(Im) Et 


5 


-240 


Pr 


H 


H 


H 


COOH 


H 


1- (HOOC) -2- 


(HO) Et 


5 


-241 


Pr 


H 


H 


H 


COOH 


H 


1- (HOOC) -2- 


(MeO) Et 


5 


-242 


Pr 


Me 


H 


H 


COOH 


H 


CH 2 C00H 




5 


-243 


Pr 


Me 


H 


H 


COOH 


H 


CH 2 C00Et 




5 


-244 


Pr 


Me 


H 


H 


COOH 


H 


1- (HOOC)Et 




5 


-245 


Pr 


Me 


H 


H 


COOH 


H 


1- (Etc) Et 




5 


-246 


Pr 


Me 


H 


H 


COOH 


H 


2- (HOOC) Et 




5 


-247 


Pr 


Me 


H 


H 


COOH 


H 


2- (EtC)Et 




5 


-248 


Pr 


Me 


H 


H 


COOH 


H 


a- (HOOC) -Bz 




5 


-249 


Pr 


Me 


H 


H 


COOH 


H 


1- (HOOC) -2- 


(Ph)Et 


5 


-250 


Pr 


Me 


H 


H 


COOH 


H 


1- (HOOC) -2- 


( Fu) Et 


5 


-251 


Pr 


Me 


H 


H 


COOH 


H 


1- (HOOC) -2- 


(Th)Et 


5 


-252 


Pr 


Me 


H 


H 


COOH 


H 


1- (HOOC) -2- 


(Im)Et 
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5 










Talple 


5 (COIlt 


. ) 






Cpd. 


R 1 


R 


R 3 


R 4 


R 7 


R 8 


R 




No. 
















m 

IV 




















5-253 


Pr 


Me 


H 


H 


COOH 


H 


1- (HOOC) -2- (HO) Et 




5-254 


Pr 


Me 


H 


H 


COOH 


H 


1- (HOOC) -2- (MeO)Et 


15 


5-255 


Pr 


iPr 


H 


H 


COOH 


H 


CH 2 COOH 




5-256 


Pr 


iPr 


H 


H 


COOH 


H 


CH 2 COOEt 




5-257 


Pr 


iPr 


H 


H 


COOH 


H 


1- (HOOC)Et 




5-258 


Pr 


iPr 


H 


H 


COOH 


H 


1- (Etc)Et 


5-259 


Pr 


iPr 


H 


H 


COOH 


H 


2- (HOOC) Et 




5-260 


Pr 


iPr 


H 


H 


COOH 


H 


2- (EtC)Et 




5-261 


Pr 


iPr 


H 


H 


COOH 


H 


CH 2 (Ph)COOH 


25 


5-262 


Pr 


iPr 


H 


H 


COOH 


H 


1- (HOOC) -2- (Ph)Et 




5-263 


Pr 


iPr 


H 


H 


COOH 


H 


1- (HOOC) -2- (Fu) Et 




5-264 


Pr 


iPr 


H 


H 


COOH 


H 


1- (HOOC) -2- (Th) Et 


30 


5-265 


Pr 


iPr 


H 


H 


COOH 


H 


1- (HOOC) -2- (Im) Et 


5-266 


Pr 


iPr 


H 


H 


COOH 


H 


1- (HOOC) -2- (HO) Et 




5-267 


Pr 


iPr 


H 


H 


COOH 


H 


1- (HOOC) -2- (MeO)Et 




5-268 


Pr 


tBu 


H 


H 


COOH 


H 


CH 2 COOH 


35 


5-269 


Pr 


tBu 


H 


H 


COOH 


H 


CH 2 COOEt 




5-270 


Pr 


tBu 


H 


H 


COOH 


H 


l-.(HOOC)Et 




5-271 


Pr 


£Bu 


H 


H 


COOH 


H 


1- (Etc)Et 




5-272 


Pr 


£Bu 


H 


H 


COOH 


H 


2-(HOOC)Et 


40 


5-273 


Pr 


tBu 


H 


H 


COOH 


H 


2-(Etc)Et 




5-274 


Pr 


£Bu 


H 


H 


COOH 


H 


a- (HOOC) -Bz 




5-275 


Pr 


£Bu 


H 


H 


COOH 


H 


1- (HOOC) -2- (Ph)Et 


45 


5-276 


Pr 


tBu 


H 


H 


COOH 


H 


1- (HOOC) -2- ( Fu) Et 




5-277 


Pr 


£Bu 


H 


H 


COOH 


H 


1- (HOOC) -2- (Th)Et 




5-278 


Pr 


£Bu 


H 


H 


COOH 


H 


„1- (HOOC) -2- (Im)Et 




5-279 


Pr 


tBu 


H 


H 


COOH 


H 


1- (HOOC) -2- (HO) Et 


50 


5-280 


Pr 


tBu 


H 


H 


COOH 


H 


1- (HOOC) -2- (MeO)Et 
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T^ble g (cont.) 





Pr>H 
IN O . 




R 2 

Xv 


R 3 


R 4 

Xv 


R 7 

Xv 


R 8 

Xv 


R 9 

IV 




10 






















5 - 2 ft 1 

J A O X 


Pt* 


TJ 

xt 


TJ 
xt 


TJ 

XT 


J. X 


H 

XT 


PTI POOH 
2 ^ — 






.J ^ 0/. 


Pt* 
rr x 


TJ 

xi 


IJ 


TJ 
XT 


X x 


TJ 
XT 


nu POORt - 




15 


J &Oj 


XT X 


TJ 


TJ 

xt 


TJ 
IT 


X X 


V 

XT 


i - rnoopvpr 






5 - 2 fl4 

-J A ot 


Pr 


H 


H 


H 


Tz 


H 


1 - (Etc^ Et 






5-285 


Pr 


H 


H 


H 


Tz 


H 


2 - (HOOC) Et 




20 


5 -286 


Pr 


H 


H 


H 


Tz 


H 


2 - f Etc) Et 




5 - 2 fl7 

~J X O / 


Pr 


H 


H 




Tz 


H 


a - (HOOP) - Bz 






5 - 2 ftfi 


Pr 


H 


H 


H 


Tz 


H 


1 - ( HOOP ) - 2 - 


(Ph) Et 




5 - 2 PQ 


Pr 


H 


H 


ij 


Tz 


H 


T - fHOOP) - 2 - 


( Fu) Et 


25 


5 - 2 Q n 


p-r 

XT X 


TJ 
n 


tj 

n 


u 

XT 


X X 


H 


1 - 7 HOOP) - 2 - 


(Th) Et 




5 - 2 Q 1 

-J X -7 X 


Pt* 


u 

xi 


IT 
XT 


TJ 

XI 


X X 


TJ 
XT 


1 - ( HOOP ) -7 - 

X \ IlvvL / X 


( Im) Et 




5 - 2 Q 2 


Pt* 


IT 

n 


TJ 
xt 


TJ 

XT 


Tz 

X X 


TJ 
XT 


i . ( HOOP ) - 2 - 


( HO ) E t~ 

V XlV / 




j x .7 0 


Pt* 

JtrX 


TJ 

XI 


TJ 

XI 


TJ 

XT 


Tz 


H 


1 - f HOOP ) - 2 - 


(MeO) Et 


30 


5 - 2 QA 


Pt* 


Mp 


IT 
XT 


13 
XI 


X X 


TJ 
XT 


PH POOH 






C.OQC 

X .7 .J 


Pt* 

XT X 


Mp 


TJ 
XT 


H 

XI 


X X 


TJ 
XT 


ph rnnpr 

v^n^ \_ \j\JCt u 






-J X .7 O 


IT X 


rlc 


TJ 
IT 


TJ 
IT 


X X 


TJ 

XT 


i - f hoop) Pr 




35 


_) X _7 / 


P*r 

IT X 


X*1C 


XT 


IJ 
Xi 


Tz 


TJ 
XT 


1 - f Pt r* ) Pt- 

X I Ij / Xj L. 




5-298 


Pr 


Me 


H 


H 


TZ 


H 


2 - (HOOC) Et 






5-299 


Pr 


Me 


H 


H 


Tz 


H 


2- (Etc)Et 






5-300 


Pr 


Me 


H 


H 


Tz 


H 


ct- (HOOC) -Bz 




40 


5-301 


Pr 


Me 


H 


H 


TZ 


H 


1- (HOOC) -2- 


(Ph) Et 




5-302 


Pr 


Me 


H 


H 


Tz 


H 


1- (HOOC) -2- 


( Fu) Et 




5-303 


Pr 


Me 


H 


H 


Tz 


H 


1- (HOOC) -2- 


(Th)Et 


45 


5-304 


Pr 


Me 


H 


H 


Tz 


H 


1- (HOOC) -2- 


(Im)Et 




5-305 


Pr 


Me 


H 


H 


Tz 


H 


1- (HOOC) -2- 


(HO) Et 




5-306 


Pr 


Me 


H 


H 


Tz 


H 


1- (HOOC) -2- 


(MeO) Et 




5-307 


Pr 


iPr 


H 


H 


Tz 


H 


CH 2 COOH 




50 


5-308 


Pr 


iPr 


H 


H 


Tz 


H 


CH 2 COOEt 
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TahlP 5 (cont.) 



Cpd. R 1 R 2 R 3 R 4 R 7 R 8 R 9 

NO. 



5-309 


Pr 


iPr 


H 


H 


TZ 


H 


1- (HOOC) Et 


5-310 


Pr 


iPr 


H 


H 


Tz 


H 


1- (Etc)Et 


5-311 


Pr 


iPr 


H 


H 


Tz 


H 


2- (HOOC) Et 


5-312 


Pr 


iPr 


H 


H 


TZ 


H 


2-(Etc)Et 


5-313 


Pr 


iPr 


H 


H 


TZ 


H 


a- (HOOC) -Bz 


5-314 


Pr 


iPr 


H 


H 


Tz 


H 


1- (HOOC) -2- (Ph)Et 


5-315 


Pr 


iPr 


H 


H 


Tz 


H 


1- (HOOC) -2- (Fu)Et 


5-316 


Pr 


iPr 


H 


H 


Tz 


H 


1- (HOOC) -2- (Th) Et 


5-317 


Pr 


iPr 


H 


H 


Tz 


H 


1- (HOOC) -2- (Im) Et 


5-318 


Pr 


iPr 


H 


H 


Tz 


H 


1- (HOOC) -2- (HO) Et 


5-319 


Pr 


iPr 


H 


H 


Tz 


H 


1- (HOOC) -2- (MeO)Et 


5-320 


Pr 


£Bu 


H 


H 


Tz 


H 


CH 2 COOH 


5-321 


Pr 


tBu 


H 


H 


Tz 


H 


CH 2 COOEt 


5-322 


Pr 


tBu 


H 


H 


Tz 


H 


1- (HOOC)Et 


5-323 


Pr 


tBu 


H 


H 


Tz 


H 


1- (Etc)Et 


5-324 


Pr 


tBu 


H 


H 


Tz 


H 


2- (HOOC) Et 


5-325 


Pr 


tBu 


H 


H 


Tz 


H. 


2- (Etc) Et 


5-326 


Pr 


£Bu 


H 


H 


Tz 


H 


a- (HOOC) -Bz 


5-327 


Pr 


£Bu 


H 


H 


Tz 


H 


1- (HOOC) -2- (Ph)Et 


5-328 


Pr 


tBu 


H 


H 


Tz 


H 


1- (HOOC) -2- (Fu)Et 


5-329 


Pr 


£Bu 


H 


H 


Tz 


H 


1- (HOOC) -2- (Th)Et 


5-330 


Pr 


£Bu 


H 


H 


Tz 


H 


1- (HOOC) - 2- (Iitl)Et 


5-331 


Pr 


£Bu 


H 


H 


Tz 


H 


1- (HOOC) -2- (HO) Et 


5-332 


Pr 


tBu 


H 


H 


Tz 


H 


1- (HOOC) -2- (MeO)Et 


5-333 


Bu 


iPr 


iPr 


H 


COOH 


H 


H 


5-334 


Bu 


H 


H 


H 


COOH 




(CH 2 ) 3 CH(COOH) - 


5-335 


Bu 


H 


H 


H 


COOH 




(CH 2 ) 3 CH(COOMe) - 


5-336 


Pr 


H 


H 


H 


- COOCH 2 - 














-OPiv 


H 


H 
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Table 5 (cont.) 



5 



10 



15 



20 



25 



30 



Cpd. 
NO. 


R 1 


R 2 


R 3 


R 4 


R 7 


R 8 


R £ 


5-337 


Pr 


Me 


H 


H 


-COOCH^OPiv 
2 


H 


H 


5-338 


Pr 


Me 


Me 


H 


-COOCH 2 OPiv 


H 


H 


5-339 


Pr 


H 


H 


H 


- COOMod 


H 


H 


5-340 


Pr 


Me 


H 


H 


- COOMod 


H 


H 


5-341 


Pr 


Me 


Me 


H 


- COOMod 


H 


H 


5-342 


Bu 


H 


H 


H 


-COOCH 2 OPiv 


H 


H 


5-343 


Bu 


Me 


H 


H 


-COOCH 2 0Piv 


H 


H 


5-344 


Bu 


Me 


Me 


H 


-COOCH 2 OPiv 


H 


H 


5-345 


Bu 


H 


H 


H 


- COOMod 


H 


H 


5-346 


Bu 


Me 


H 


H 


- COOMod 


H 


H 


5-347 


Bu 


Me 


Me 


H 


- COOMod 


H 


H 


5-348 


Et 


iPr 


H 


H 


Tz 


H 


H 


5-349 


Et 


iPr 


H 


H 


COOH 


H 


H 


5-350 


Et 


tBu 


H 


H 


Tz 


H 


H 


5-351 


Et 


tBu 


H 


H 


COOH 


H 


H 



35 



40 



45 



50 



55 
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Table 6 



5 





Cpd. 


R 1 


R 2 


R 3 


R 4 


R 5a 


R 6 


R 7 


10 


No. 


































6-1 


Pr 


Me 


Me 


H 


H 


H 


2-Tz 




6-2 


Pr 


Me 


Me 


H 


H 


6 -CI 


2-Tz 


15 


6-3 


Bu 


Me 


Me 


H 


H 


6 - CI 


2-Tz 




6-4 


Pr 


Me 


Me 


H 


H 


6-OMe 


2-Tz 




6-5 


Bu 


Me 


Me 


H 


H 


6-OMe 


2-Tz 




6-6 


Pr 


Me 


Et 


H 


H 


H 


2-Tz 


20 


6-7 


Bu 


Me 


Et 


H 


H 


H 


2-Tz 




6-8 


Pr 


Et 


Et 


H 


H 


H 


2-Tz 




6-9 


Bu 


Et 


Et 


H 


H 


H 


2-Tz 




6-10 


Pr 


Me 


Me 


Me 


Et 


H 


2-Tz 


25 




















6-11 


Pr 


Me 


Me 


Me 


H 


H 


2-Tz 




6-12 


Bu 


Me 


Me 


Me 


Et 


H 


2-Tz 




6-13 


Bu 


Me 


Me 


Me 


H 


H 


2-Tz 


30 


6-14 


Pr 


Et 


Et 


H 


Et 


H 


2-Tz 




6-15 


Et 


Me 


Me 


H 


H 


H 


2-Tz 




6-16 


Et 


Me 


Me 


H 


Et 


H 


2-Tz 




6-17 


Et 


Me 


Me 


H 


iPrcOCH 2 - 


H 


2-Tz 


35 


6-18 


Et 


Me 


Me 


H 


PivOCH 2 - 


H 


2-Tz 




6-19 


Et 


Me 


Me 


H 


Mod 


H 


2-Tz 




6-20 


Et 


Me 


Me 


H 


Phth 


H 


2-Tz 



40 



45 Of the compounds listed above, the following are preferred, that is to say Compounds No. 1-1, 1-2, 1-3, 

1-9, 1-11, 1-12, 1-15, 1-22, 1-23, 1-24, 1-25, 1-27, 1-28, 1-31, 1-35, 1-36, 1-37, 1-39, 1-41, 1-49, 1-54, 1-56, 

1- 58. 1-59, 1-60, 1-61, 1-62, 1-82, 1-84, 1-98, 1-102, 1-103, 1-132, 1-133, 1-134. 1-138, 1-139, 1-140, 2-1, 2-2, 

2- 3, 2-4, 2-5, 2-6, 2-15, 2-16, 2-17, 2-18, 2-19, 2-20, 2-21, 2-22, 2-23, 2-24, 2-25, 2-26, 2-27, 2-28, 2-29, 2-30, 

2- 31 . 2-32, 2-37, 2-38, 2-39, 2^0, 2-49, 2-50, 2-64, 2-65, 2-66, 2-67, 2-68, 2-69, 2-70. 2-71 , 2-73, 2-74, 2-75, 
50 2-76, 2-77, 3-1, 3-9, 3-10, 3-13, 3-14, 3-25, 3-26, 3-27, 3-35, 3-36, 3-39, 3-40, 3-51, 3-52, 3-53, 3-61, 3-65, 

3- 77, 3-78, 3-79, 3-87, 3-91, 3-103, 3-104, 3-105, 3-107, 3-109, 3-111, 3-112, 3-121, 3-127, 3-128, 3-129, 3- 
135, 3-136. 4-1, 4-4, 4-5, 4-6, 4-7, 4-8, 4-9, 4-10, 4-11, 4-14, 4-15, 4-16, 4-17, 4-18, 4-19, 4-20, 4-21, 4-22, 

4- 23, 4-25, 4-26, 4-27, 4-29, 4-31 , 4-32, 4-33, 4-34, 4-35, 4-36, 4-38, 4-39, 4-41 , 4-43, 4-44, 4^6, 4-49, 4-50, 
4-51, 4-52, 4-53, 4-54, 4-55, 4-56, 4-59, 4-60, 4-61, 4-62, 4-63, 4-64, 4-65, 4-66, 4-67, 4-68, 4-70, 4-71, 4-72, 

55 4-74, 4-76, 4-77, 4-78. 4-79. 4-80, 4-81, 4-63, 4-84, 4-85, 4-91, 4-96. 4-98, 4-99. 4-107, 4-109, 4-110, 4-112, 

4- 113, 4-114, 4-115, 5-1, 5-2, 5-3, 5-5, 5-6, 5-13, 5-14, 5-18, 5-19, 5-23, 5-24, 5-32. 5-33, 5-34, 5-36, 5-37, 

5- 44, 5-45, 5-49, 5-50, 5-54, 5-55, 5-63, 5-64, 5-65, 5-67, 5-68, 5-75, 5-76, 5-80, 5-81, 5-85, 5-86, 5-94, 5-95, 
5-96, 5-98, 5-99, 5-106, 5-107, 5-111, 5-112, 5-116, 5-117, 5-125, 5-138, 5-151, 5-164, 5-177, 5-190, 5-203, 
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5-216, 5-229, 5-242, 5-255, 5-268, 5-281 , 5-294, 5-307, 5-320, 5-348, 5-349, 5-350 and 5-351, of which Com- 
pounds No. 1-22, 1-25, 1-27, 1-28, 1-31, 1-35, 1-36, 1-37, 1-49, 1-54, 1-56, 1-58, 1-59, 1-132, 1-133, 1-134, 
2-1, 2-2, 2-3, 2-5, 2-6, 2-15, 2-16, 2-17, 2-18, 2-19, 2-20, 2-21, 2-22, 2-23, 2-24, 2-25, 2-26, 2-27, 2-28, 2-29, 

2- 30, 2-31, 2-32, 2-65, 2-66, 2-67, 2-68, 2-69, 2-70. 2-71, 2-73, 2-74, 2-75, 2-76, 2-77, 3-1, 3-9, 3-10, 3-13, 

3- 14, 3-25, 3-26, 3-35, 3-39, 3-40, 3-52, 3-53, 3-61, 3-65, 3-77, 3-78, 3-79, 3-87, 3-91, 3-103. 3-104, 3-105, 

3- 107, 3-109, 3-111, 3-112, 4-4, 4-5, 4-6, 4-7, 4-11, 4-14, 4-15, 4-16, 4-17, 4-20, 4-29, 4-31, 4-32, 4-33, 4-34, 

4- 35, 4-36, 4-38, 4-39, 4-41, 4-43, 4-44, 4-46, 4-49, 4-50, 4-51, 4-52, 4-55, 4-56, 4-59, 4-60, 4-61, 4-62, 4-65, 

4- 74, 4-76, 4-77, 4-78, 4-79, 4-80, 4-81, 4-83, 4-84, 4-91, 4-96, 4-107, 4-109, 4-110, 4-114, 4-115, 5-5, 5-6, 

5- 13, 5-14, 5-32, 5-36, 5-37, 5-44, 5-45, 5-63, 5-67, 5-68, 5-75, 5-76, 5-80, 5-81, 5-94, 5-98, 5-99, 5-106, 5-107, 
5-348, 5-349, 5-350 and 5-351 are more preferred, and Compounds No. 1-28, 1-31, 1-35, 1-36, 1-49, 1-56, 

1- 58, 1-59, 1-132, 1-133, 1-134, 2-1, 2-2, 2-3, 2-5, 2-6, 2-15, 2-16, 2-17, 2-18, 2-19, 2-20, 2-21, 2-22, 2-23, 

2- 24, 2-25, 2-26, 2-27, 2-28, 2-29, 2-30, 2-31 , 2-32, 2-65, 2-66, 2-67, 2-68, 2-69, 2-70, 2-71 . 2-73. 2-74, 2-75, 
2-76, 2-77, 3-1, 3-9, 3-10. 3-13, 3-14, 3-25, 3-26, 3-53, 3-61. 3-65, 3-77, 3-78, 4-29, 4-31, 4-32, 5-36 and 5-37 
are still more preferred. The most preferred compounds are Compounds No.: 

1-31. 2-Butyl-1-[(2'-<^oxybiphenyi-4-^ acid; 
1-35. Pivaloyloxymethyl 2-butyl-1-[(2'-carboxybiphenyl-4-yl)methyl]-4-{1 -hydroxy- 1 -methyl ethyl) imida- 
zole-5-carboxylate; 

1-36. (5-Methyl-2-oxo-1,3-dioxolen^-yl)methyI 2-butyl-1-[(2 f -carboxybiphenyl-4-yl)methyl]-4-(1-hyd- 
roxy-1 -methylethyl)im idazole-5-carboxylate ; 

1-49. H(2'-Cartx>xybiphenyl-4-yi)rrre acid; 

1- 132. H(2M2art»xybiphenyl-4-^)methv^^ 

2- 1 . 4-(1 -Hydroxy-1 -methylemyl)-2-propyM-{4-P^ 

acid; 

2-2. 2-Butyl-4-<1-hydroxy-1-memylemyl^^ 

acid; 

2-15. Pivaloyloxymethyl 4-(1 -hydroxy-1 -memytethyl)-2-propyl-1^ 
midazqle-5-carboxylate; 

2-16. Pivaloyloxymethyl 2-butyl^ 1 -hydroxy-1 HTietr^ethyl)-H4-[2-(tetrazd-5-^ 
dazole-5-carboxylate; 

2-17. (5-Methyl-2-oxo-1 ,3-dioxolen-4-yl)methyl 4-(1 -hydroxy- 1-methylethyl)-2-propyl-1 -{4-[2-(tetrazol- 
5-yl)phenyI]phenyl}methylimidazole-5-carboxylate; 

2-18. (5-Methyl-2-oxo-1,3-dioxolen-4-yl)methyl 2-butyl-4-(1-hydroxy-1-methylethyl)-1-(4-{2-(tetrazol-5- 
yl)phenyl]phenyl}methylimidazole-5-carboxylate; 

2-19. Ethoxycarbonyloxymethyl 4-(1 -hydroxy-1 -methylethyl)-2-propyl-1-{4-[2-(tetrazol-5-yl) phenyl] phe- 
nyl}methyl im idazole-5-carboxy late ; 

2-21. Isopropoxycarbonyloxymethyl 4-(1 -hydroxy-1 -methyl ethyl )-2-propyl-1-{4-[2-(tetrazol-5-yl)phenyl] 
phenyl}methylimidazole-5-carboxylate; 

2-23. 1-<Ethaxycarbonyioxy)ethyl 4-(1 -hydroxy-1 -methylemyl)-2-propyl-H4-^^ 
methylimid azole-5-carboxyl ate ; 

2-25. 1-{lsopropoxycarbonyloxy)ethyi 4-<1-hydroxy-1-methylethyl)-2-propyl-1-{4-[2-(tetrazol-5TyI)phenyl] 
phenyI}methylimidazole-5-cart>oxylate; 

2-69. Pivaloyloxymethyl 2-ethyl-4-(1 -hydroxy-1 -methylethyl)-1-{4-[2-(tetrazol-5-yl)phenyl]phenyl)methyli- 
midazole-5-carboxylate; 

2- 73. (5-Methyl-2-oxo-1,3-dioxolen-4-yl)methyl 2-ethyl-4-(1 -hydroxy-1 -methyl ethyl)-1 -{4-[2-(tetrazo!-5- 
yl)phenyl]phenyl}methylimidazole-5-carboxylate; 

3- 1. Pivaloyloxymethyl 1-t(2 f -carboxybiphenyl-4-yl)methylH-{1 -hydroxy-1 -methylethyl)-2-propyiimidazole- 
5-carboxylate; 

3-25. (5-Methyl-2-oxo-1,3-dioxolen-4-yl)methyl 1 -[(2 , -carboxybiphenyl-4-yl)methyl]-4-(1 -hydroxy- 1-me- 
thylethyl)-2-propylimidazole-5-carboxylate; 

3- 26. Phthalidyl 1-{(2'-carooxybipheny»-4-yl)methylH-(1 -hydroxy-1 -methylethyl)-2-propylimidazoie-5-car- 
boxylate; 

4- 29. 4^1-Hydroxyethyt)-2-propyl-1-{4-p^ acid; 
4-31 . Pivaloyloxymethyl 4-(1 -hydroxyemyl)-2-propyl-H4-[2-<tetra^ 

5-carboxylate; and 

4-32. (5-Methy I-2-OXO-1 ,3-dioxolen-4-yl)methyl 4-(1 -hydroxyethyl)-2-propyl-1 «{4-[2-(tetrazol-5-yl) phe- 
nyl] phenyl}methylim id azole-5-carboxylate; 
and pharmaceutically acceptable salts thereof. 

The compounds of the present invention may be prepared by a variety of methods well known in the art 
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10 



for the preparation of compounds of this type. 

For example, in general terms, the compounds may be prepared by reacting a compound of formula (II): 



N 



(II) 



H 



in which: 

Ri is as defined above and R d represents a group of formula 



15 



20 



25 



R2 

— C-R3 
OR* 

wherein R 2 , R 3 and R 4 are as defined above, 
or R d represents a group of formula -COOR f wherein R f represents a carboxy-protecting group, R d represents 
a group of formula -COR 2 , wherein R 2 is as defined above, or R d represents a cyano group; and 
R« represents a cyano group, a carboxy group or a group of formula -COOR f , wherein R f is as defined above, 
with a compound of formula (III): 



30 



40 




(HI) 



in which: R 6 is as defined above; R 7a represents a protected carboxy group, a cyano group, a protected tet- 
razol-5-yl group, a carbamoyl group or an alkyl carbamoyl group; and X represents a halogen atom; 
to give a compound of formula (IV): 



45 



50 
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10 



5 




R?* 



(IV) 



wherein R d , R e , R 1 , R 6 and R 7a are as defined above; and 

in any order, removing protecting groups, and, if necessary, converting said group R d to a group of formula 



wherein R 2 , R 3 and R 4 are as defined above, 
and, if necessary, converting said group R e to a group R 5 , converting said group R 7a to a group R 7 , or alkylating 
30 or acylating a hydroxy group in R\ to give a compound of formula (I); and 
optionally salifying or estertfying the product 

Preferably, R e represents a protected carboxy group, when R 7a represents a protected carboxy group, a 
cyano group, a protected tetrazolyl group, a carbamoyl group or an alkytcarbamoyl group, and R e represents 
a cyano group when R 7 a represents a protected carboxy group or a protected tetrazolyl group. 
35 In more detail, the compounds of the present invention may be prepared as described below in Reaction 

Schemes A to F. 

Reaction Scheme A: 

40 In this Reaction Scheme, a compound of formula (I) is prepared by reacting an imidazole-5-carboxylic acid 

or ester thereof of formula (V) with a biphenylmethyl halide of formula (III), and then, if desired, removing pro- 
tecting groups, converting the group of formula -COOR 5a to any other group represented by R 5 , converting the 
group represented by R 7a to any other group represented by R 7 and/or alkylating or acylating a hydroxy group 
in R 4 , as shown below: 



20 



R2 



25 



I 

— C— R 3 
OR 4 



45 



Reaction Scheme A: 




50 
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(V) 



(III) 
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(la) (I) 



In the above reaction scheme, R\ R 2 , R 3 , R 4 , R 5 , R 5 * R e , R 7 , R 7a and X are as defined above, and R 53 
preferably represents a group other than a hydrogen atom. 

25 Where R 7a represents a protected carboxy group, the protecting group may be any of the ester residues 

illustrated above in relation to R 53 . Alternatively, R 7a may be a carbamoyl group or a substituted carbamoyl group 
of formula -COIMHR, where R represents a hydrogen atom or an alkyl group having from 1 to 6 carbon atoms, 
for example any of those illustrated above in relation to R 1 . Examples of such carbamoyl groups which may be 
represented by R 7a include the carbamoyl, methylcarbamoyl, ethylcarbamoyl, propylcarbamoyl, butylcar- 

30 bamoyl, t-butylcarbamoyl, pentyl carbamoyl, t-pentylcarbamoyl and hexylcarbamoyl groups, of which the car- 
bamoyl, t-butylcarbamoyl and t-pentylcarbamoyl groups are preferred. Where R 7a represents a protected 
tetrazolyl group, the protecting group may be any protecting group commonly used to protect tetrazolyl groups 
in conventional compounds of this type. Examples of suitable protecting groups include the aralkyl groups 
defined and exemplified above in relation to R 2 , but it is preferably a benzyl, diphenylmethyl (benzhydryl) or 

35 triphenyimethyl (trityl group), most preferably a trityl group. 

X represents a halogen atom, preferably a chlorine, bromine or iodine atom). 

In Step A1 of this Reaction Scheme, a compound of formula (la) is prepared by reacting an imidazole-5- 
carboxylate compound of formula (V) with a biphenyl methyl compound of formula (III). The reaction normally 
and preferably takes place in an inert solvent and preferably in the presence of a base. 

40 The reaction is normally and preferably effected in the presence of a solvent. There is no particular res- 

triction on the nature of the solvent to be employed, provided that it has no adverse effect on the reaction or 
on the reagents involved and that it can dissolve the reagents, at least to some extent. Examples of suitable 
solvents include: hydrocarbons, preferably aromatic hydrocarbons, such as benzene or toluene; ethers, such 
as tetrahydrofuran or dioxane; alcohols, such as methanol, ethanol or t-butanol; amides, such as N,N-dime- 

45 thylacetamide, N,N-dimethylformamide or N-methyl-2-pyrrolidinone; ketones, such as acetone or methyl ethyl 
ketone; nitrites, such as acetonitrile; and sulphoxides, such as dimethyl sulphoxide. Of these, we prefer the 
amides, ketones, nitriies and sulphoxides. 

The nature of the base employed in the reaction is likewise not critical, and any base capable of reacting 
with the acid H-X can be used in this reaction. Preferred examples of bases which may be used include: alkali 

so metal carbonates, such as sodium carbonate or potassium carbonate; alkali metal hydrides, such as sodium 
hydride, potassium hydride or lithium hydride; alkali metal alkoxides, such as sodium methoxide, sodium 
ethoxide, potassium t-butoxide or lithium methoxide; and alkali metal hydrogencarbonates, such as sodium 
hydrogencarbonate or potassium hydrogencarbonate. Of these, we prefer the alkali metal carbonates, alkali 
metal hydrides or alkali metal alkoxides. 

55 The reaction can take place over a wide range of temperatures, and the precise reaction temperature is 

not critical to the invention. In general, we find it convenient to carry out the reaction at a temperature of from 
-10°C to 100°C, more preferably from 0°C to 80°C. The time required for the reaction may also vary widely, 
depending on many factors, notably the reaction temperature and the nature of the reagents and solvent 
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employed. However, provided that the reaction is effected under the preferred conditions outlined above, a 
period of from 30 minutes to 24 hours, more preferably from 1 to 16 hours, will usually suffice. 

After completion of the reaction, the desired compound of formula (la) can be recovered from the reaction 
mixture by conventional means. For example, one suitable recovery procedure comprises: removing the solvent 

5 by distillation under reduced pressure; mixing the residue with water; extracted the residue with a water-immisc- 
ible solvent, such as ethyl acetate; drying the extract over, for example, anhydrous sodium sulphate; and freeing 
the product from the solvent by distillation. The resulting product can, if necessary, be purified by conventional 
means, for example, by recrystallization, or the various chromatography techniques, notably preparative thin 
layer chromatography or column chromatography. 

i o Step A2 may comprise any one or (if appropriate) more of the following reactions: 

(i) removing the carboxy-protecting groups either selectively or non-selectively from the group of formula 
-COOR 68 and/or the group R 7a , to convert it or them to a free carboxy group as represented by R 5 or R 7 , 
respectively; 

(ii) esterifying any such free carboxy group to provide an ester of the group, for example as illustrated above 
15 in relation to R 5 ; 

(Hi) converting such a free carboxy group represented by R 5 to a group of formula -CONR 8 R 9 ; 

(iv) removing the tetrazolyl-protecting group; 

(v) converting a cyano group represented by R 7a to a tetrazolyl group; 

(vi) converting a monoalkylcarbamoyi group or a carbamoyl group represented by R 7a first to a cyano group 
20 and then to a tetrazolyl group; 

(vii) where R 4 represents a tri-substituted silyl group, an aralkyl group, an aliphatic acyi group, an 
alkoxymethyl group, an alkoxyalkoxymethyl group, a haloalkoxymethyl group, a tetrahydropyranyl group, 
a tetrahydrothiopyranyl group, a tetrahydrothienyl group, a tetrahydrofuryl group or a substituted tetrahyd- 
ropyranyl, tetrahydrothiopyranyl, tetrahydrothienyl or tetrahydrofuryl group having a halogen or alkoxy sub- 

25 stituent, all of which can be regarded as hydroxy-protecting groups, removing the protecting group to 

produce a compound in which R 4 represents a hydrogen atom; and 

(viii) where R 4 represents a hydroxy group, alkylating or acylating this group. 

(i) Removal of carboxy-protecting groups: 

30 

The nature of the reaction employed to remove the carboxy-protecting group will, of course, depend on 
the nature of the group to be removed and such reactions are well known in the field of organic synthesis. 

For example, where the carboxy-protecting group is an aralkyl group, such as a benzyl or r>nitrobenzyl 
group, the protecting group may be removed by catalytic reduction, in the presence of hydrogen, which may 
35 be under atmospheric pressure or superatmospheric pressure, for example up to 5 atmospheres pressure. The 
reaction normally and preferably takes place in an inert solvent (preferably an alcohol, such as methanol or 
ethanol, or a carboxylic acid, such as acetic acid) and in the presence of a catalyst Any catalyst commonly 
used for catalytic hydrogenation or reduction may equally be employed here, preferably palladium-on-charcoal 
or platinum oxide. 

40 Where the carboxy-protecting group is a t-butyl or diphenylmethyi group, it may be removed by reacting 

the protected compound with an acid (preferably a mineral acid, such as hydrogen chloride or sulphuric acid, 
or an organic acid, such as trifiuoroacetic acid, methanesulphonic acid or p-toluenesul phonic acid) in an inert 
solvent (preferably an alcohol, such as methanol or ethanol; an ether, such as tetrahydrofuran or dioxane; 
water; or a mixture of water and one or more of the above organic solvents). 

45 Where the carboxy-protecting group is a silyl group, this may be a group of formula -SiR a R b R c , in which 

R a , R b and R c are as defined above. In this case, the protecting group may be removed by reacting the protected 
compound with an acid (preferably a mineral acid, such as hydrogen chloride, or an organic acid, such as acetic 
acid, trifiuoroacetic acid, methanesulphonic acid or r>tbluenesul phonic acid) or with a fluorine salt, such as tet- 
rabutylammonium fluoride. The reaction normally and preferably takes place in an inert solvent (preferably: an 

so ether, such as tetrahydrofuran or dioxane; an alcohol, such as methanol or ethanol; an amide, such as N,N- 
dimethyrformamide or N,N-dimethylacetamide; water; or a mixture of water and one or more of the above 
organic solvents). 

Where the carboxy-protecting group is an ester residue, the protecting group may be removed by hydrolysis 
using a base (preferably an alkali metal hydroxide, such as lithium hydroxide, sodium hydroxide or potassium 
55 hydroxide, or an alkali metal carbonate, such as sodium carbonate or potassium carbonate) in an inert solvent 
(preferably an alcohol, such as methanol or ethanol; an ether, such as tetrahydrofuran or dioxane; water; or a 
mixture of water and one or more of the above organic solvents). Where R 4 represents an acyi group, it is 
removed simultaneously in the course of this reaction. 
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The reaction car take place over a wide range of temperatures, and the precise reaction temperature is 
not critical to the invention. In general, we find it convenient to carry out the reaction at a temperature of from 
0°C to 100°C, more preferably from about room temperature to 60°C. The time required for the reaction may 
also vary widely, depending on many factors, notably the reaction temperature and the nature of the reagents 

5 and solvent employed. However, provided that the reaction is effected under the preferred conditions outiined 
above, a period of from 30 minutes to 24 hours, more preferably from 1 to 16 hours, will usually suffice. 

After completion of the reaction, the desired compound may be recovered by conventional means, the nat- 
ure of which will depend on the nature of the de protection reaction. For example, where the deprotection is 
carried out by catalytic reduction, the desired product can be recovered by filtering off the catalyst and then 

w distilling off the solvent Where the deprotection is carried out using an acid, the desired product can be recov- 
ered by collecting the precipitate in the reaction system by filtration or by concentration of the reaction mixture. 
Where the deprotection is carried out by alkaline hydrolysis, the desired product can be recovered by distilling 
off the solvent and then neutralizing the residue with an aqueous acid, after which the precipitate in the aqueous 
solvent may be collected by filtration; alternatively, it may be recovered by neutralizing the aqueous layer 

15 obtained by extracting the reaction mixture with a water-immiscible organic solvent (such as ethyl acetate or 
diethyl ether), extracting the neutralized solution with a water-immiscible organic solvent (such as ethyl ace- 
tate), and then distilling off the solvent. The reaction product may, if necessary, be further purified by conven- 
tional means, for example by recrystallization or by the various chromatography techniques, notably preparative 
thin layer chromatography or column chromatography. 

20 Each of the protecting groups represented by and R 7a can be selectively eliminated by appropriate 

choice of the protecting groups and the specific reaction conditions employed to remove them, as is well known 
to those skilled in the art 

(ii) Esterification 

25 

Where a compound containing one or more free carboxy groups is produced, this group or these groups 
may be esterified, by methods well known in organic chemistry. For example, the reaction may be carried out 
by reacting the corresponding carboxylic acid with a compound of formula, R 5b -Y [in which R 5b may represent 
any of the groups defined above for R 58 other than a hydrogen atom, and Y represents a halogen atom, such 

30 as a chlorine, bromine or iodine atom, a group of formula -OSOaR 5 ** (in which R 5 ** is as defined above) or a 
sulphonyloxy group, such as a methanesulphonyloxy or g-toluenesulphonyloxy group]. The reaction is carried 
out in the presence of a base, for example: an organic amine, such as triethylamine, pyridine or N-methylmor- 
pholine; an alkali metal carbonate, such as sodium carbonate or potassium carbonate; or an alkali metal hyd- 
rogencarbonate, such as sodium hydrogencarbonate or potassium hydrogencarbonate. It is also normally and 

35 preferably carried out in an inert solvent (preferably: an amide, such as N,N-dimethylformamide or N,N-dime- 
thylacetamide; a halogenated hydrocarbon, preferably a halogenated aliphatic hydrocarbon, such as 
methylene chloride; a ketone, such as acetone or methyl ethyl ketone; or an ether, such as tetrahydrofuran or 
dioxane). Where the desired ester group is an alkyl group, the reaction may be carried out by reacting the car- 
boxylic acid with the corresponding dialkyl sulphate. 

40 The reaction can take place over a wide range of temperatures, and the precise reaction temperature is 

not critical to the invention. In general, we find it convenient to carry out the reaction at a temperature of from 
0°C to 120°C, more preferably from 20°C to 80°C. The time required for the reaction may also vary widely, 
depending on many factors, notably the reaction temperature and the nature of the reagents and solvent 
employed. However, provided that the reaction is effected under the preferred conditions outlined above, a 

45 period of from 30 minutes to 24 hours, more preferably from 1 to 16 hours, will usually suffice. 

Where the carboxy-protecting group is a - Ce alkyl group, the esterification reaction may be carried out 
by reacting me corresponding carboxylic acid with a - C 6 alcohol, such as methanol, ethanol, propanol or 
hexanol, in the presence of an acid catalyst such as hydrogen chloride or sulphuric acid, in an inert solvent 
(for example: one of the C, - Ce alcohols which may be used as the starting material described above; a haloge- 

50 nated hydrocarbon, such as methylene chloride; or an ether, such as tetrahydrofuran or dioxane) at a tempera- 
ture of from 0°C to 100°C for a period of from 1 to 24 hours, or by reacting the corresponding carboxylic acid 
with a halogenating agent (e.g. phosphorus pentachloride, thionyl chloride or oxalyl chloride) in an inert solvent 
(for example: a halogenated hydrocarbon, such as methylene chloride; an ether, such as tetrahydrofuran or 
dioxane; or an aromatic hydrocarbon, such as benzene or toluene) at a temperature of about room temperature 

55 for a period of from 30 minutes to 5 hours to yield the corresponding acyl halide, which is then reacted with the 
corresponding alcohol in an inert solvent (e.g. benzene or methylene chloride) in the presence of a base (for 
example triethylamine; however, in the case of the t-butyl ester, potassium t-butoxide is used as the preferred 
base) at a temperature of about room temperature for a period of from 30 minutes to 10 hours. The desired 
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compound can be recovered by conventional means, for example, by a similar method to that described in Step 
A1. 

(iii) Formation of a carbamoyl group 

5 

Conversion of a carboxy group represented by R 5 to a group of formula -CONR 8 R 9 , in which R 8 and R 9 are 
as defined above, may be carried out using well known methods, for example by reacting the carboxylic acid 
compound, in which the group R 7 is protected, with a compound of formula (VI): 

R 8 R 9 NH (VI) 

10 in which R 8 and R 9 are as defined above). 

This reaction consists of the formation of a peptide bond and is generally well known in organic synthetic 
chemistry. It may be carried out in an inert solvent (preferably a halogenated hydrocarbon, more preferably a 
halogenated aliphatic hydrocarbon, such as methylene chloride or chloroform; an ester, such as ethyl acetate; 
an ether, such as tetrahydrofuran or dioxane; or an amide, such as N,N-dimethylacetamide or N,N-dimethyl- 

15 formamide) in the presence of a condensing agent. 

Examples of condensing agents which may be used in this reaction include: carbodiimides, such as N,N- 
dicydohexylcarbodiirnide or 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride; phosphoryl com- 
pounds, such as diphenyl phosphoryl azide or diethyl phosphoryl cyanide; carbonyldiimidazole; and 
triphenyiphosphine-diethyl azodicarboxylate. Of these, we prefer the carbodiimides and diphenyl phosphoryl 

20 azide. Where a phosphoryl compound is used, the reaction is preferably carried out in the presence of a tertiary 
amine, such as triethylamine or N-methylmorpholine. 

Alternatively, the reaction in this step can be accomplished by reacting the carboxylic acid with a lower 
alkyl chloroformate, such as ethyl chloroformate or isobutyl chloroformate, in the presence of a tertiary amine, 
such as triethylamine or N-methylmorpholine, to produce a mixed acid anhydride, or by reacting the carboxylic 

25 acid with N-hydroxysuccinimide f N-hydroxybenzotriazole or p-nitrophenol or the like in the presence of a car- 
bod iimide, such as N,N-dicyclohexylcarbodiimide, to produce the corresponding active ester, and subsequently 
reacting the mixed acid anhydride or the active ester with the amine compound of formula (VI). 

As a further alternative, the reaction in this step can be carried out by reacting the carboxylic acid witrwa 
halogenating agent such as phosphorus pentachloride, oxalyl chloride or thionyl chloride, in an inert solvent 

30 (for example: a halogenated hydrocarbon, such as methylene chloride; an ether, such as tetrahydrofuran or 
dioxane; or an aromatic hydrocarbon, such as benzene or toluene) to give the corresponding acyl halide, and 
then reacting the acyl halide with the amine compound of formula (VI). 

All of these reactions can take place over a wide range of temperatures, and the precise reaction tempera- 
ture is not critical to the invention. In general, we find it convenient to cany out the reaction at a temperature 

35 of from -20°C to 1 00°C, more preferably from -5°C to 50°C. The time required for the reaction may also vary 
widely, depending on many factors, notably the reaction temperature and the nature of the reagents and solvent 
employed. However, provided that the reaction is effected under the preferred conditions outlined above, a 
period of from 30 minutes to 24 hours, more preferably from 1 to 16 hours, will usually suffice. 

After completion of the reaction, the reaction product can be recovered from the reaction mixture by con- 

40 ventional means. For example, insoluble materials in the reaction system are filtered off; a water-immiscible 
organic solvent, such as ethyl acetate, and water are added to the filtrate; the organ ic solvent layer is separated 
and dried over a drying agent, such as anhydrous magnesium sulphate; and then the solvent is distilled off to 
leave the desired product The reaction product may, if necessary, be further purified by conventional means, 
for example by recrystallization or by the various chromatography techniques, notably preparative thin layer 

45 chromatography or column chromatography. 

(iv) Removal of tetrazolyl-protecting groups 

This may be accomplished by reacting the protected compound with an acid. The reaction is normally and 
so preferably effected in an inert solvent 

The reaction is normally and preferably effected in the presence of a solvent. There is no particular res- 
triction on the nature of the solvent to be employed, provided that it has no adverse effect on the reaction or 
on the reagents involved and that it can dissolve the reagents, at least to some extent. Examples of suitable 
solvents include: water; an organic acid, such as acetic acid; an ether, such as tetrahydrofuran or dioxane; an 
55 alcohol, such as methanol, ethanol or t-butanol; a ketone, such as acetone or methyl ethyl ketone; or a mixture 
of any two or more of these solvents. Of these, we prefer water, an organic acid, an alcohol or a mixture thereof. 

There is no particular limitation upon the nature of the acid used in the reaction, provided that it can normally 
function as a Bronsted acid. Preferred examples of such acids include: organic acids, such as acetic acid, formic 
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acid, oxalic acid, methanesul phonic acid, pj-toluenesui phonic acid or trifluoroacetic acid; and inorganic acids, 
such as hydrochloric acid, hydrobromic acid, sulphuric acid or phosphoric acid. Of these, we prefer acetic acid, 
formic acid, trifluoroacetic acid or hydrochloric acid. 

The reaction can take place over a wide range of temperatures, and the precise reaction temperature is 

5 not critical to the invention. In general, we find it convenient to carry out the reaction at a temperature of from 
-10°C to 120°C, more preferably from 0°C to 100°C. The time required for the reaction may also vary widely, 
depending on many factors, notably the reaction temperature and the nature of the reagents and solvent 
employed. However, provided that the reaction is effected under the preferred conditions outlined above, a 
period of from from 0.5.to 24 hours, more preferably from 1 -to 1 6 hours, will usually suffice. 

10 After completion of the reaction, the desired product of this reaction can be recovered from the reaction 

mixture by conventional means. For example, after distilling off the solvent, the residue is dissolved in water 
and a water-immiscible organic solvent. The organic layer containing the desired compound is separated and 
dried over anhydrous magnesium sulphate. After distilling off the solvent, the desired compound can be 
obtained. The reaction product may, if necessary, be further purified by conventional means, for example by 

is recrystallization or the various chromatography techniques, notably preparative thin layer chromatography or 
column chromatography. 

(v) Conversion of a cyano group to a tetrazolyl group 

20 In this step, a cyano group is converted to a tetrazolyl group by reacting the cyano compound with an alkali 

metal azide. 

The reaction is normally and preferably effected in the presence of a solvent. There is no particular res- 
triction on the nature of the solvent to be employed, provided that it has no adverse effect on the reaction or 
on the reagents involved and that it can dissolve the reagents, at least to some extent Examples of suitable 
25 solvents include: amides, such as N,N-dimethylformamide or N,N-dimethylacetamide; ethers, such as dioxane 
or 1,2-dimethoxyethane; and sulphoxides, such as dimethyl sulphoxide. 

Examples of suitable alkali metal azides include lithium azide, sodium azide and potassium azide, of which 
sodium azide is preferred. There is no particular restriction on the amount of alkali metal azide eployed, but 
we generally prefer to use from 1 to 5 equivalents, more preferably from 1 to 3 equivalents, of the alkali metal 
30 azide per equivalent of the cyano compound. 

We also prefer to carry out the reaction in the presence of an ammonium halide, for example ammonium 
fluoride, ammonium chloride or ammonium bromide, of which ammonium chloride is preferred. There is no par- 
ticular restriction on the amount of ammonium halide employed, but we generally prefer to use from 0.5 to 2 
equivalents, more preferably from 1 to 1.2 equivalents, of the ammonium halide per equivalent of the cyano 
35 compound. 

The reaction can take place over a wide range of temperatures, and the precise reaction temperature is 
not critical to the invention. In general, we find it convenient to carry out the reaction at a temperature of from 
70 to 1 50°C, more preferably from 80 to 1 20°C. The time required for the reaction may also vary widely, depend- 
ing on many factors, notably the reaction temperature and the nature of the reagents and solvent employed. 
40 However, provided that the reaction is effected under the preferred conditions outlined above, a period of from 
10 hours to 7 days, more preferably from 1 to 5 days, will usually suffice. 

Alternatively, the cyano group may be converted to a tetrazolyl group by reacting the cyano compound with 
a trialkyltin azide or triaryltin azide, and then treating the resulting tin compound with an acid, a base or an alkali 
metal fluoride. 

45 The reaction of the cyano compound with the trialkyltin azide or triaryltin azide is normally and preferably 

effected in the presence of a solvent There is no particular restriction on the nature of the solvent to be 
employed, provided that it has no adverse effect on the reaction or on the reagents involved and that it can 
dissolve the reagents, at least to some extent Examples of suitable solvents include: hydrocarbons, which may 
be aliphatic or aromatic hydrocarbons, such as benzene, toluene, xylene or heptane; halogenated hydrocar- 

50 bons, especially halogenated aliphatic hydrocarbons, such as 1 ,2-dichloroethane or chloroform; ethers, such 
as dioxane or 1 ,2-dimethoxyethane; amides, such as N,N-dimethyrformamide or N,N-dimethylacetamide; and 
esters, such as ethyl acetate or butyl acetate. 

Although there is no particular limitation on the nature of the trialkyltin or triaryl tin azide, and any such com- 
pound commonly used in reactions of this type may equally be employed here, we generally prefer to use: a 

55 trialkyltin azide in which each of the alkyl groups (which may be the same or different, although they are pref- 
erably the same) have from 1 to 4 carbon atoms, for example trimethyltin azide, triethyltin azide or tributyltin 
azide; or a triaryltin azide in which each of the aryl groups (which may be the same or different although they 
are preferably the same) is as defined above in relation to the aryl groups which may be represented by R 2 , 
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preferably a phenyl or substituted phenyl group, for example tri phenyl tin azide or tritolyltin azide. The amount 
of the trialkyltin azide or triaryttin azide employed is not critical, although an amount of from 1 to 3 equivalents 
per equivalent of cyano compound is preferred, and from 1 to 2 equivalents is more preferred. 

The reaction of the cyano compound with the trialkyltin azide or triaryttin azide can take place over a wide 

5 range of temperatures, and the precise reaction temperature is not critical to the invention. In general, we find 
it convenient to carry out the reaction at a temperature of from 60 to 150°C f more preferably from 80 to 120°C. 
The time required for the reaction may also vary widely, depending on many factors, notably the reaction tem- 
perature and the nature of the reagents and solvent employed. However, provided that the reaction is effected 
under the preferred conditions outlined above, a period of from 8 hours to 7 days, more preferably from 1 to 5 

w days, will usually suffice. 

The tin-containing compound produced by this reaction is then treated with an acid, a base or an alkali 
metal fluoride, to convert it to the desired tetrazolyl compound. Any acid, base or alkali metal fluoride commonly 
used for this type of reaction may be used in this reaction, and examples of suitable compounds include: acids, 
especially mineral acids, such as hydrochloric acid or sulphuric acid; bases, especially inorganic bases, such 

is as alkali metal carbonates and hydrogencarbonates (for example sodium carbonate, potassium carbonate, 
sodium hydrogen carbon ate or potassium hydrogen carbon ate) or alkali metal hydroxides (for example sodium 
hydroxide or potassium hydroxide); and alkali metal fluorides, such as lithium fluoride, sodium fluoride or potas- 
sium fluoride. 

The reaction is normally and preferably effected in the presence of a solvent. There is no particular res- 

20 triction on the nature of the solvent to be employed, provided that it has no adverse effect on the reaction or 
on the reagents involved and that it can dissolve the reagents, at least to some extent. Examples of suitable 
solvents include those listed above for the reaction of the cyano compound with the trialkyltin azide or triaryltin 
azide and other solvents, such as alcohols (for example methanol or ethanol), water or aqueous alcohols. The 
reaction can take place over a wide range of temperatures, and the precise reaction temperature Is not critical 

25 to the invention. In general, we find it convenient to carry out the reaction at a temperature of from 0°C to 1 00°C, 
preferably about room temperature. The time required for the reaction may also vary widely, depending on many 
factors, notably the reaction temperature and the nature of the reagents and solvent employed. However, pro- 
vided that the reaction is effected under the preferred conditions outlined above, a period of from 30 minutes 
to 3 days, more preferably from 1 hour to 24 hours, will usually suffice. 

30 A further alternative method of converting a cyano group to a tetrazolyl group is to react the cyano com- 

pound with a trialkyltin halide or triaryltin halide, in the presence of an alkali metal azide, after which the resulting 
tin compound is treated with an acid, a base or an alkali metal fluoride. 

The reaction of the cyano compound with the trialkyltin halide or triaryltin halide in the presence of an alkali 
metal azide is normally and preferably effected in the presence of a solvent. There is no particular restriction 

35 on the nature of the solvent to be employed, provided that it has no adverse effect on the reaction or on the 
reagents involved and that it can dissolve the reagents, at least to some extent. Examples of suitable solvents 
include: hydrocarbons, which may be aliphatic or aromatic hydrocarbons, such as benzene, toluene, xylene or 
heptane; haiogenated hydrocarbons, especially hatogenated aliphatic hydrocarbons, such as 1,2-dichloroet- 
hane or chloroform; ethers, such as dioxane or 1 ,2-dimethoxy ethane; ketones, such as acetone or methyl ethyl 

40 ketone; amides, such as N,N-dimethylformamide or N,N-dimethyiacetamide; and esters, such as ethyl acetate 
or butyl acetate. 

Although there is no particular limitation on the nature of the trialkyltin or triaryl tin halide, and any such 
compound commonly used in reactions of this type may equally be employed here, we generally prefer to use: 
a trialkyltin halide in which each of the alkyl groups (which may be the same or different, although they are pref- 

45 erably the same) has from 1 to 4 carbon atoms, for example trimethyltin chloride, trimethyltin bromide, triethyltin 
chloride or tributyltin chloride; or a triaryltin halide in which each of the aryl groups (which may be the same or 
different although they are preferably the same) is as defined above in relation to the aryl groups which may 
be represented by R 2 , preferably a phenyl or substituted phenyl group, for example triphenyltin chloride or 
tritolyltin chloride. The amount of the trialkyltin halide or triaryltin halide employed is not critical, although an 

so amount of from 1 to 3 equivalents per equivalent of cyano compound is preferred, and from 1 to 2 equivalents 
is more preferred. 

There is no particular restriction on the alkali metal azide which is also employed in this reaction. Examples 
include lithium azide, sodium azide and potassium azide, of which sodium azide is preferred. The amount of 
the alkali metal azide employed is not critical, althoug h an amount of from 1 to 3 equivalents per equivalent of 
55 cyano compound is preferred, and from 1 to 2 equivalents is more preferred. 

The reaction of the cyano compound with the trialkyltin halide or triaryltin halide in the presence of an alkali 
metal azide can take place over a wide range of temperatures, and the precise reaction temperature is not criti- 
cal to the invention. In general, we find it convenient to carry out the reaction at a temperature of from 60 to 
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150°C, more preferably from 80 to 120°C. The time required for the reaction may also vary widely, depending 
on many factors, notably the reaction temperature and the nature of the reagents and solvent employed. How- 
ever, provided that the reaction is effected under the preferred conditions outlined above, a period of from 8 
hours to 7 days, more preferably from 1 to 5 days, will usually suffice. 

The tin-containing compound produced by this reaction is then treated with an acid, a base or an alkali 
metal fluoride, to convert it to the desired tetrazolyl compound. The reaction is essentially the same as the reac- 
tion of the tin-containing compound (produced by reacting the cyanb compound with a trialkyltin azide or triaryl- 
tin azide) with an acid, a base or an alkali metal fluoride, and may be carried out using the same solvents and 
reaction conditions. 

(vi) Conversion of an alkyl carbamoyl group or a carbamoyl group to a cyano group 

To convert an alkylcarbamoyl group to a cyano group, the alkylcarbamoyl compound is reacted with a halo- 
gen compound capable of acting as a halogenating agent, preferably chlorinating agent, for example oxalyl 
chloride, phosphorus oxychloride or sulphonyl chloride. There is no particular restriction on the amount of halo- 
gen compound employed, although we generally find it convenient to use from 1 to 3 equivalents, more pref- 
erably from 1 to 2 equivalents, per equivalent of the alkylcarbamoyl compound. 

The reaction is normally and preferably effected in the presence of a solvent. There is no particular res- 
triction on the nature of the solvent to be employed, provided that it has no adverse effect on the reaction or 
on the reagents involved and that it can dissolve the reagents, at least to some extent. Examples of suitable 
solvents include: hydrocarbons, which may be aliphatic or aromatic hydrocarbons, such as benzene, toluene, 
xylene or heptane; halogenated hydrocarbons, especially halogenated aliphatic hydrocarbons, such as 
methylene chloride or chloroform; ethers, such as dioxane, tetrahydrofuran or diethyl ether; and esters, such 
as ethyl acetate or butyl acetate. 

The reaction can take place over a wide range of temperatures, and the precise reaction temperature is 
not critical to the invention. In general, we find it convenient to carry out the reaction at a temperature of from 
-1 0 to 1 00°C, more preferably from 0 to 50°C. The time required for the reaction may also vary widely, depending 
on many factors, notably the reaction temperature and the nature of the reagents and solvent employed. How- 
ever, provided that the reaction is effected under the preferred conditions outlined above, a period of from 10 
minutes to 16 hours, more preferably from 30 minutes to 6 hours, will usually suffice. 

To convert a carbamoyl group to a cyano group, the carbamoyl compound is reacted with a dehydrating 
agent, for example acetic anhydride, trifluoroacetic anhydride, methanesul phonic anhydride, trif- 
luoromethanesulphonic anhydride, oxalyl chloride or sulphonyl chloride, in the presence of an organic amine, 
for example triethyl amine, pyridine or N-methylmorpholine. 

The reaction is normally and preferably effected in the presence of a solvent. There is no particular res- 
triction on the nature of the solvent to be employed, provided that it has no adverse effect on the reaction or 
on the reagents involved and that it can dissolve the reagents, at least to some extent. Examples of suitable 
solvents include: hydrocarbons, which may be aliphatic or aromatic hydrocarbons, such as benzene, toluene, 
xylene or heptane; halogenated hydrocarbons, especially halogenated aliphatic hydrocarbons, such as 
methylene chloride or chloroform; ethers, such as dioxane, tetrahydrofuran or diethyl ether; and esters, such 
as ethyl acetate or butyl acetate. 

The reaction can take place over a wide range of temperatures, and the precise reaction temperature is 
not critical to the invention. In general, we find it convenient to carry out the reaction at a temperature of from 
-1 0 to 1 00°C, more preferably from 0 to 50°C. The time req uired for the reaction may also vary widely, depending 
on many factors, notably the reaction temperature and the nature of the reagents and solvent employed. How- 
ever, provided that the reaction is effected under the preferred conditions outlined above, a period of from 10 

minutes to 16 hours, more preferably from 30 minutes to 6 hours, will usually suffice 

The desired product of these reactions can be recovered from the reaction mixture by conventional means, 
for example by neutralizing the mixture with a weak base, such as sodium hydrogencarbonate and then working 
up the product in a similar manner to that described in Step A1 of Reaction Scheme A. 

The cyano compound thus obtained may then be converted to the corresponding tetrazolyl compound, 
using any of the reactions described above. 

(vii) Removing hydroxy-protecting groups 

Where R 4 represents a trnsubstituted silyl group, an aralkyl group, an acyl group, an alkoxymethyl group, 
a tetrahydropyranyl group, a tetrahydrothiopyranyl group, a tetrahydrothienyl group, a tetrahydrofuryl group or 
a substituted tetrahydropyranyl, tetrahydrothiopyranyl, tetrahydrothienyl or tetrahydrofuryl group, all of which 
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can be regarded as hydroxy-protecting groups, the protecting group is removed, to produce a compound in 
which R 4 represents a hydrogen atom. The nature of the reaction employed to remove the protecting group, 
will, of course, depend on the nature of the protecting group, as is well known in the art, and any of the many 
well known reactions used for deprotecting compounds of this type may equally be used here. 

Where the hydroxy-protecting group is a silyl group, it can normally be removed by treating the protected 
compound with a compound capable of forming a fluorine anion, such as tetrabutylammonium fluoride. The 
reaction is normally and preferably effected in the presence of a solvent There is no particular restriction on 
the nature of the solvent to be employed, provided that it has no adverse effect on the reaction or on the reagents 
involved and that it can dissolve the reagents, at least to some extent. Examples of suitable solvents include 
ethers, such as tetrahydrofuran or dioxane. 

The reaction can take place over a wide range of temperatures, and the precise reaction temperature is 
not critical to the invention. In general, we find it convenient to carry out the reaction at about room temperature. 
The time required for the reaction may also vary widely, depending on many factors, notably the reaction tem- 
perature and the nature of the reagents and solvent employed. However, provided that the reaction is effected 
under the preferred conditions outlined above, a period of from 10 to 18 hours will usually suffice. 

Where the hydroxy-protecting group is an aralkyl group, deprotection can normally be accomplished by 
catalytic reduction at a temperature of from 0°C to 80° C, more preferably from 10°C to 60°C, in a solvent in 
the presence of hydrogen and of a catalyst. 

The reaction is normally and preferably effected in the presence of a solvent. There is no particular res- 
triction on the nature of the solvent to be employed, provided that it has no adverse effect on the reaction or 
on the reagents involved and that it can dissolve the reagents, at least to some extent. Examples of suitable 
solvents include: alcohols, such as methanol, ethanol or isopropanol; ethers, such as diethyl ether, tetrahyd- 
rofuran or dioxane; aromatic hydrocarbons, such as toluene, benzene or xylene; aliphatic hydrocarbons, such 
as hexane or cydohexane; esters, such as ethyl acetate or propyl acetate; fatty acids, such as acetic acid; or 
a mixture of water and any one or more of the above organic solvents. 

There is no particular limitation upon the nature of the catalyst used, and any catalyst commonly used for 
catalytic reduction may also be used here. Preferred examples of such catalysts include palladium on charcoal, 
Raney nickel, platinum oxide, platinum black, rhodium on aluminium oxide, a complex of tri phenyl phosphine 
and rhodium chloride and palladium on barium sulphate. 

The hydrogen pressure used is not critical to the reaction and may vary over a wide range, although the 
reaction is normally carried out at a pressure of from 1 to 3 times atmospheric pressure. 

The reaction can take place over a wide range of temperatures, and the precise reaction temperature is 
not critical to the invention. In general, we find it convenient to carry out the reaction at a temperature of from 
0°C to 100°C, more preferably from 10°C to 50°C. The time required for the reaction may also vary widely, 
depending on many factors, notably the reaction temperature and the nature of the reagents, catalyst and sol- 
vent employed. However, provided that the reaction is effected under the preferred conditions outlined above, 
a period of from 5 minutes to 24 hours, more preferably from 30 minutes to 16 hours, will usually suffice. 

Where the hydroxy-protecting group is an aliphatic acyl group, an aromatic acyl group or an alkoxycarbonyl 
group, it can be removed by treating the protected compound with a base. 

There is no particular limitation upon the nature of the base used, provided that it does not affect other parts 
of the compound. Preferred examples of such bases include: metal aJkoxides, especially alkali metal alkoxides, 
such as sodium methoxide; alkali metal carbonates, such as sodium carbonate or potassium carbonate; alkali 
metal hydroxides, such as sodium hydroxide or potassium hydroxide; and ammonia, which is preferably in the 
form of aqueous ammonia or a concentrated solution of ammonia in methanol. 

The reaction is normally and preferably effected in the presence of a solvent. There is no particular res- 
triction on the nature of the solvent to be employed, provided that it has no adverse effect on the reaction or 
on the reagents involved and that it can dissolve the reagents, at least to some extent. Examples of suitable 
solvents include: water; organic solvents, such as alcohols (e.g. methanol, ethanol or propanol) or ethers (e.g. 
tetrahydrofuran or dioxane); or a mixture of water and one or more of these organic solvents. 

The reaction can take place over a wide range of temperatures, and the precise reaction temperature is 
not critical to the invention. In general, we find it convenient to carry out the reaction at a temperature of from 
0°C to 150°C, more preferably from 0°C to 60°C. The time required for the reaction may also vary widely, 
depending on many factors, notably the reaction temperature and the nature of the reagents and solvent 
employed. However, provided that the reaction is effected under the preferred conditions outlined above, a 
period of from 1 to 20 hours, more preferably from 1 to 1 6 hours, will usually suffice. 

Where the hydroxy-protecting group is an alkoxymethyl group, an alkoxyalkoxymethyl group, a haloal- 
koxymethyl group, a tetrahydropyranyl group, a tetrahydrothiopyranyl group, a tetrahydrofuranyl group, a tet- 
rahydrothienyl group, or a substituted tetrahydropyranyl, tetrahydrothiopyranyl, tetrahydrofuranyl or 
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tetrahydrothienyl group having at least one halogen or alkoxy substituent. It can normally be removed by treating 
the protected compound with an acid. 

There is no particular limitation upon the nature of the acid used, and any Bronsted acid may be used in 
this reaction. Preferred examples of such acids include: inorganic acids, especially mineral acids, such as hyd- 
rochloric acid or sulphuric acid; and organic acids, including both carboxylic acids and sulphonic acids, such 
as acetic acid or pj-toluenesul phonic acid. Strongly acidic cation exchange resins, such as Dowex SOW (trade 
mark) can also be used. 

The reaction is normally and preferably effected in the presence of a solvent. There is no particular res- 
triction on the nature of the solvent to be employed, provided that it has no adverse effect on the reaction or 
on the reagents involved and that it can dissolve the reagents, at least to some extent. Examples of suitable 
solvents include: alcohols, such as methanol or ethanol; ethers, such as tetrahydrofuran or dioxane; organic 
acids, such as formic acid or acetic acid; and mixtures of water and one or more of these solvents. 

The reaction can take place over a wide range of temperatures, and the precise reaction temperature is 
not critical to the invention. In general, we find it convenient to carry out the reaction at a temperature of from 
0°C to 50°C. The time required for the reaction may also vary widely, depending on many factors, notably the 
reaction temperature and the nature of the reagents and solvent employed. However, provided that the reaction 
is effected under the preferred conditions outlined above, a period of from 10 minutes to 18 hours will usually 
suffice. 

After completion of any of the above reactions, the desired compound of the invention can be recovered 
from the reaction mixture by conventional means depending on the nature of the reaction and the reaction 
medium. An example of one such technique comprises: neutralizing the reaction mixture appropriately; remov- 
ing any insoluble material which may exist in the mixture, for example by filtration; adding a water-immiscible 
organic solvent; washing with water and finally distilling off the solvent The resulting product can, if necessary, 
be purified by conventional means, for example, by recrystallization, or by the various chromatography techni- 
ques, notably preparative thin layer chromatography or column chromatography. 

Under the conditions used for removing the hydroxy-protecting group, simultaneous deprotection of a pro- 
tected carboxy group may take place occasionally. 

(viii) Alkylation and acylation of hydroxy groups 

Alkylation of a hydroxy group may be carried out by reacting the hydroxy compound with an alkyl halide 
in which the alkyl group has from 1 to 6 carbon atoms, preferably methyl iodide, ethyl iodide, ethyl bromide, 
propyl iodide, propyl bromide or butyl iodide, or a dialkyl sulphate (in which each alkyl group has from 1 to 6 
carbon atoms and may be the same or different, although they are preferably the same), such as dimethyl sul- 
phate or diethyl sulphate. 

The reaction is normally and preferably effected in the presence of a solvent. There is no particular res- 
triction on the nature of the solvent to be employed, provided that it has no adverse effect on the reaction or 
on the reagents involved and that it can dissolve the reagents, at least to some extent. Examples of suitable 
solvents include: amides, such as N,N-dimethylformamide, N,N-dimethylacetamide or N-methyipyrrolidinone; 
ketones, such as acetone or methyl ethyl ketone; or sulphpxides, such as dimethyl sulphoxide. 

The reaction is effected in the presence of a base, the nature of which is not critical, provided that it does 
not damage the reagents or products. Preferred examples of bases which may be used include alkali metal 
hydrides, such as sodium hydride, potassium hydride or lithium hydride. The reaction can take place over a 
wide range of temperatures, and the precise reaction temperature is not critical to the invention. In general, we 
find it convenient to carry out the reaction at a temperature of from 0°C to 120°C, more preferably from 20°C 
to 80°C. The time required for the reaction may also vary widely, depending on many factors, notably the reac- 
tion temperature and the nature of the reagents and solvent employed. However, provided that the reaction is 
effected under the preferred conditions outlined above, a period of from 30 minutes to 24 hours, more preferably 
from 1 to 16 hours, will usually suffice. 

Acylation of a hydroxy group may also be carried out by well known methods commonly used in organic 
synthetic chemistry. For example, it can be carried out by reacting the hydroxy compound with: an alkanoyl 
halide, containing from 2 to 6 carbon atoms, such as acetyl chloride, propionyl chloride, butyryl bromide, valeryl 
chloride or hexanoyl chloride; a carboxylic acid anhydride or mixed carboxylic acid anhydride, in which the group 
derived from the or each carboxylic acid contains from 1 to 6, preferably from 2 to 6, carbon atoms, such as a 
mixed anhydride of formic acid and acetic acid, acetic anhydride, propionic anhydride, valeric anhydride or 
hexanoic anhydride; an alkoxycarbonyl halide, in which the alkoxy group contains from 1 to 6 carbon atoms, 
such as methoxycarbonyl chloride, methoxycarbonyl bromide, ethoxycarbonyl chloride, propoxycarbonyl 
chloride, butoxycarbonyl chloride or hexyloxycarbonyl chlorde; an arylcarbonyl halide, such as benzoyl 



62 



EP0 503 785 A1 



chloride, benzoyl bromide or naphthoyl chloride; a halo- or alkoxy-alkanoyl halide containing from 2 to 6 carbon 
atoms, such as chloroacetyl chloride, dichloroacetyl chloride, trichloroacetyl chloride or methoxy acetyl chloride; 
or an alkenoyl chloride containing from 3 to 6 carbon atoms, such as acryloyl chloride, methacryloyi chloride, 
crotonoyi chloride, 3-methyl-2-butenoyl chloride or 2-methyl-2-butenoyl chloride. 

5 The reaction is normally and preferably effected in the presence of a solvent. There is no particular res- 

triction on the nature of the solvent to be employed, provided that it has no adverse effect on the reaction or 
on the reagents involved and that it can dissolve the reagents, at least to some extent. Examples of suitable 
solvents include: halogenated hydrocarbons, especially halogen ated aliphatic hydrocarbons, such as 
methylene chloride or chloroform; esters, such as ethyl acetate; and ethers, such as tetrahydrofuran or dioxane. 

10 The reaction is effected in the presence of a base, preferably an organic tertiary amine, such as triethylamine, 
pyridine, diethylisopropylamine or 4-dim ethyl am inopy rid ine. The reaction can take place over a wide range of 
temperatures, and the precise reaction temperature is not critical to the invention. In general, we find it conve- 
nient to carry out the reaction at a temperature of from -10°C to 120°C, more preferably from 0°C to 80°C. The 
time required for the reaction may also vary widely, depending on many factors, notably the reaction tempera- 

15 hire and the nature of the reagents and solvent employed. However, provided that the reaction is effected under 
the preferred conditions outlined above, a period of from 30 minutes to 24 hours, more preferably from 1 to 16 
hours, will usually suffice. 

After completion of either of the above reactions, the desired product can be recovered from the reaction 
mixture by conventional means. For example, one suitable recovery method is as already described for recov- 
20 ering the product of Step A1 . 

Reaction Scheme B: 

Compounds of formula (la) in which R 4 represents a hydrogen atom, that is to say compounds of formula 
25 (lb), may also be prepared as shown in the following Reaction Scheme B: 

Reaction Scheme B: 
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CVIII) 

(lb) 



In the above formulae R 1 R 2 R 3 R 53 R 6 , R 7a and X are as defined above, and R to preferably represents a 
group other than a hydrogen atom. 

In Step B1, an imidazole-5-carboxylate compound of formula (VII) Is reacted with a biphenylmethyl com- 
pound of formula (III), to give a compound of formula (VIII). This reaction is essentially the same as that of Step 
A1 in Reaction Scheme A, and may be carried out using the same reagents and reaction conditions. 

In Step B2, a compound of formula (lb) is prepared by reacting a compound of formula (VIII) with a reducing 
agent or with a Grignard reagent of formula, R^Mg-X (in which R 3 * represents any of the groups defined above 
for R 3 other than a hydrogen atom, and X is as defined above). 

Examples of the reducing agents which may be used in this reaction include: alkylaluminium hydrides, such 
as diisobutylaiuminium hydride; and metal, especially alkali metal, borohydrides, such as sodium borohydride 
or sodium cyano borohydride. Of these, we prefer diisobutylaiuminium hydride and sodium borohydride. 

The reaction of the compound of formula (VIII) with the reducing agent is normally and preferably conducted 
in an inert solvent There is no particular restriction on the nature of the solvent to be employed, provided that 
it has no adverse effect on the reaction or on the reagents involved and that it can dissolve the reagents, at 
least to some extent. Examples of suitable solvents include: hydrocarbons, especially aromatic hydrocarbons, 
such as toluene or hexane; ethers, such as tetrahydrofuran or dioxane; alcohols, such as methanol or ethanol; 
water; and mixtures of water with any one or more of the above organic solvents. Preferred solvents vary 
depending upon the nature of the reducing agent used. For example, where the reducing agent is an alkylalumi- 
nium hydride, hydrocarbons or ethers are preferred; alternatively, where it is an alkali metal borohydride, 
alcohols, water or mixtures of water with an alcohol are preferred. 

The reaction can take place over a wide range of temperatures, and the precise reaction temperature is 
not critical to the invention. In general, we find it convenient to carry out the reaction at a temperature of from 
-30°C to 80°C, more preferably from -20°C to 20°C, when the reducing agent is an alkylal"rn« nium hydride, or 
at a temperature of from -30°C to 80°C, more preferably from 0°C to 50°C. when it is an alkali metal borohydride. 
The time required for the reaction may also vary widely, depending on many factors, notably the reaction tem- 
perature and the nature of the reagents and solvent employed. However, provided that the reaction is effected 
under the preferred conditions outlined above, a period of from 30 minutes to 24 hours, more preferably from 
1 to 16 hours, will usually suffice. 

The reaction of the compound of formula (VIII) with a Grignard reagent is normally and preferably effected 
in the presence of a solvent. There is no particular restriction on the nature of the solvent to be employed, pro- 
vided that it has no adverse effect on the reaction or on the reagents involved and that it can dissolve the rea- 
gents, at least to some extent Examples of suitable solvents include: hydrocarbons, which may be aliphatic 
or aromatic, such as hexane or toluene; halogenated hydrocarbons, especially halogenated aliphatic hydrocar- 
bons, such as methylene chloride or 1,2-dichloroethane; and ethers, such as tetrahydrofuran or diethyl ether, 
of which the ethers and halogenated hydrocarbons are preferred. 

The reaction can take place over a wide range of temperatures, and the precise reaction temperature is 
not critical to the invention. In general, we find it convenient to carry out the reaction at a temperature of from 
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-50°C to 100°C, more preferably from -10°C to 50°C. The time required for the reaction may also vary widely, 
depending on many factors, notably the reaction temperature and the nature of the reagents and solvent 
employed. However, provided that the reaction is effected under the preferred conditions outlined above, a 
period of from 30 minutes to 24 hours, more preferably from 1 to 16 hours, will usually suffice. 

After completion of any of the above reactions, the desired compounds of each reaction can be recovered 
from the reaction mixture by conventional means. For example, one suitable recovery procedure comprises: 
mixing the reaction mixture with water or with an aqueous solution of ammonium chloride; and stirring it at room 
temperature, after which it is extracted with a water-immiscible solvent, such as ethyl acetate. The extract may 
then be washed with water and dried over a drying agent, such as anhydrous magnesium sulphate, after which 
the solvent is distilled off; if necessary, the product can be further purified by conventional means, for example, 
by recrystallization, or by the various chromatography techniques, notably preparative thin layer 
chromatography or column chromatography. 



15 



Reaction Scheme C: 



Compounds of formula (la) in which R 2 , R 3 and R 4 all represent hydrogen atoms, that is to say compounds 
of formula (Ic), and compounds of formula (VIII), which are intermediates in reaction Scheme B, can be prepared 
as shown in Reaction Scheme C: 

20 Reaction Scheme C: 
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In the above formulae R 1 R 2 R 63 R 6 R 7a and X are as defined above, and R 5 * preferably represents a group 
other than a hydrogen atom. 

In Step C1 of this reaction scheme, ah imidazole-5-carboxylate compound of formula (IX) is reacted with 
a biphenyimethyl compound of formula (III), to give a dicarboxylate compound of formula (X). This reaction is 
essentially the same as that described above in Step A1 of Reaction Scheme A, and may be carried out using 
the same reagents and reaction conditions. 

In Step C2 of this reaction scheme, the dicarboxylate compound of formula (X) obtained as shown in Step 
C1 is reacted with about one equivalent of a Grignard reagent of formula R^MgX (in which X is as defined above 
and R 2 * represents any of the groups defined above for R 2 other than a hydrogen atom) and/or with about one 
equivalent of a reducing agent to give the compound of formula (VIII). These reactions are essentially the same 
as those described above in Step B2 of Reaction Scheme B, and may be carried out using the same reagents 
and reaction conditions. 

In Step C3 of this reaction scheme, which is an alternative to Step C2, the dicarboxylate compound of for- 
mula (X) is reacted with two or more molar equivalents of a reducing agent to give the compound of formula 
(Ic). The reaction is essentially the same as that described above in Step B2 of Reaction Scheme B, and may 
be carried out using the same reagents and reaction conditions. 

In Step C4, the hydroxymethyl compound of formula (Ic), obtained as shown in Step C3, is oxidized to con- 
vert the hydroxymethyl group to a formyl group and prepare a compound of formula (Villa). 

The oxidization reaction in this Step may be carried out by reacting the hydroxymethyl compound of formula 
(Ic) with an oxidizing agent, such as magnesium oxide or silver oxide. 

The reaction is normally and preferably effected in the presence of a solvent. There is no particular res- 
triction on the nature of the solvent to be employed, provided that it has no adverse effect on the reaction or 
on the reagents involved and that it can dissolve the reagents, at least to some extent. Examples of suitable 
solvents include: hydrocarbons, which may be aliphatic or aromatic hydrocarbons, such as benzene, toluene, 
xylene or heptane; halogenated hydrocarbons, especially halogenated aliphatic hydrocarbons, such as 
methylene chloride or chloroform; ethers, such as diethyl ether, tetrahydrofuran or dioxane; esters, such as 
ethyl acetate or butyl acetate; and ketones, such as acetone or methyl ethyl ketone. 

The reaction can take place over a wide range of temperatures, and the precise reaction temperature is 
not critical to the invention. In general, we find it convenient to carry out the reaction at a temperature of from 
0 to 1 00°C, more preferably from 10 to 60°C. The time required for the reaction may also vary widely, depending 
on many factors, notably the reaction temperature and the nature of the reagents and solvent employed. How- 
ever, provided that the reaction is effected under the preferred conditions outlined above, a period of from 30 
minutes to 24 hours, more preferably from 1 to 16 hours, will usually suffice. 

Alternatively, the reaction of Step C4 may be carried out by reacting the hydroxymethyl compound of for- 
mula (Ic) with dimethyl sulphoxide and with a dehydrating agent in the presence of an organic amine. Suitable 
dehydrating agents include, for example, sulphur trioxide-dioxane complex, oxalyl chloride and trifluoroacetic 
anhydride. Suitable organic amines include, for example, triethyiamine and pyridine. 

The reaction is normally and preferably effected in the presence of a solvent. There is no particular res- 
triction on the nature of the solvent to be employed, provided that it has no adverse effect on the reaction or 
on the reagents involved and that it can dissolve the reagents, at least to some extent. Examples of suitable 
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solvents include: halogenated hydrocarbons, especially halogenated aliphatic hydrocarbons, such as 
methylene chloride or chloroform; ethers, such as diethyl ether, tetrahydrofuran or dioxane; esters, such as 
ethyl acetate or butyl acetate; and sulphoxides, such as dimethyl sulphoxide. 

The reaction can take place over a wide range of temperatures, and the precise reaction temperature is 
not critical to the invention. In general, we find it convenient to carry out the reaction at a temperature of from 
-60°C to 60°C, more preferably from -50°C to 30°C. The time required for the reaction may also vary widely, 
depending on many factors, notably the reaction temperature and the nature of the reagents and solvent 
employed. However, provided that the reaction is effected under the preferred conditions outlined above, a 
period of from 10 minutes to 8 hours, more preferably from 30 minutes to 5 hours, will usually suffice. 

After completion of any of the above reactions, the desired product of the reaction can be recovered from 
the reaction mixture by conventional means. For example, the reaction mixture is mixed with water and with a 
water-immiscible solvent, such as ethyl acetate. The organic layer is separated, washed with water and dried 
over a drying agent, such as anhydrous magnesium sulphate; the solvent is then removed by distillation, nor- 
mally under reduced pressure. If necessary, the product can be further purified by conventional means, for 
example, by recrystaltization, or by the various chromatography techniques, notably preparative thin layer 
chromatography or column chromatography. 

The resulting compound of formula (VIII) may then, if desired, be allowed to react with a Grignard reagent 
of formula R^MgX (in which R 38 and X are as defined above) according to the method described above in Step 
B2 of Reaction Scheme B, to give the corresponding compound having a group of formula -CR^R^OH (in 
which R 2 and R 3 * are as described above) at the 4-position of the imidazolyl ring - not shown in the reaction 
scheme. 

Reaction Scheme D: 

In this reaction scheme, a cyano compound of formula (XII) is first prepared, and then this is converted to 
a compound of formula (I): 

Reaction Scheme D: 
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In the above formulae, R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 and X are as defined above, and R*> represents a protected 
carboxy group or a protected tetrazolyl group, both of which may be as previously exemplified in relation to 
R 7a . 

In Step D1 of this reaction scheme, an imidazole-5-carbonitrile compound of formula (XI) is reacted with 
a biphenylmethyl compound of formula (Ilia), to give a compound of formula (XII). This reaction is essentially 
the same as that described above in Step A1 of Reaction Scheme A, and may be carried out using the same 
reagents and reaction conditions. 

In Step D2, the resulting compound of formula (XII) may be subjected to any one or (in appropriate cases) 
more of the following reactions: 

(ix) converting the cyano group at the 5-position of the imidazole ring to a carboxy group; 

(x) converting the cyano group at the 5-position of the imidazole ring to a carbamoyl group; 

(xi) removing any carboxy-protecting groups; 

(xii) esterifying the carboxy group at the 5-position of the imidazole ring or on the biphenyl group; 

(xiii) converting the carboxy group at the 5-position of the imidazole ring to a group of formula -CONR 8 R 9 ; 

(xiv) removing the tetrazolyl-protecting group; 

(xv) where R* represents a tri-substituted silyl group, an aralkyl group, an aralkyloxycarbonyl group, an 
aliphatic acyl group, an alkoxymethyl group, an alkoxyalkoxymethyl group, a haloalkoxymethyl group, a 
tetrahydropyranyl group, a tetrahydrothiopyranyl group, a tetrahydrothienyl group, a tetrahydrofuryl group 
or a substituted tetrahydropyranyl, tetrahydrothiopyranyl, tetrahydrothienyl or tetrahydrofuryl group having 
at least one halogen or alkoxy substituent, ail of which can be regarded as hydroxy-protecting groups, 
removing the protecting group to produce a compound in which R 4 represents a hydrogen atom; and 
(xvij where R 4 represents a hydroxy group, alkylating or acylating this group. 

The above reactions may be carried out as follows: 



(ix) Conversion of a cyano group to a carboxy group 

The conversion is effected by hydrolysis of the cyano group in the compound of formula (XII) via a car- 
bamoyl group. This reaction is well known in chemical synthesis generally, and may be carried out using any 
reagent known for this purpose. For example, an alkali metal hydroxide, such as sodium hydroxide, potassium 
hydroxide or lithium hydroxide. 

The reaction is normally and preferably effected in the presence of a solvent. There is no particular res- 
triction on the nature of the solvent to be employed, provided that it has no adverse effect on the reaction or 
on the reagents involved and that it can dissolve the reagents, at least to some extent. Examples of suitable 
solvents include: water; alcohols, such as methanol orethanol; ethers, such as tetrahydrofuran or dioxane; or 
a mixture of any two or more of these solvents; an aqueous solvent is preferred. 
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The reaction can take place over a wide range of temperatures, and the precise reaction temperature is 
not critical to the invention. In general, we find it convenient to carry out the reaction at a temperature of from 
0°C to 120°C, more preferably from 20°C to 100°C. The time required for the reaction may also vary widely, 
depending on many factors, notably the reaction temperature and the nature of the reagents and solvent 
5 employed. However, provided that the reaction is effected under the preferred conditions outlined above, a 
period of from 30 minutes to 24 hours, more preferably from 1 to 1 6 hours, will usually suffice. 

After completion of the reaction, the desired product can be recovered from the reaction mixture by con- 
ventional means. For example, one suitable recovery procedure comprises: neutralizing the reaction mixture 
by adding a mineral acid, such as hydrochloric acid; rf the desired product of formula (I) precipitates, it can then 
10 be recovered by filtration; alternatively, after neutralizing the reaction mixture, the solvent is distilled off and 
the resulting residue is purified by column chromatography to give the desired product; alternatively, the residue 
is mixed with water and with a water-immiscible solvent, such as ethyl acetate, and the resulting mixture is ext- 
racted with an organic solvent, after which the extract is dried over a drying agent such as anhydrous mag- 
nesium sulphate, and freed from the solvent to give the desired product. If necessary, the product can be further 
15 purified by conventional means, for example, by recrys tall ization , or by the various chromatography techniques, 
notably preparative thin layer chromatography or column chromatography. 

In this reaction, where the starting material is a compound, in which R 4 represents an acyl group and/or 
R7b represents an ester group of a primary or secondary alcohol (such as methanol, ethanoi or isopropanol), 
the acyl group of R 4 and the ester residue of R 7b are simultaneously removed. 

20 

(x) Conversion of a cyano group to a carbamoyl group 

In this reaction, a cyano group in the compound of formula (XII) is converted to a carbamoyl group. 

The product of this reaction is an intermediate of the previous reaction (be). Therefore the reaction is carried 
25 out in a similar way but under milder conditions than those employed in reaction (be). 

The reaction is carried out by treating the compound of formula (XII) with an alkali, for example: an alkali 
metal hydroxide, such as lithium hydroxide, sodium hydroxide or potassium hydroxide; or an alkali metal car- 
bonate, such as sodium carbonate or potassium carbonate. The reaction is normally and preferably effected 
in the presence of a solvent. There is no particular restriction on the nature of the solvent to be employed, pro- 
30 vided that it has no adverse effect on the reaction or on the reagents involved and that it can dissolve the rea- 
gents, at least to some extent. Examples of suitable solvents include: water; a mixture of water and an alcohol, 
such as methanol or ethanoi; or a mixture of water and an ether, such as tetrahydrofuran or dioxane. 

The reaction can take place over a wide range of temperatures, and the precise reaction temperature is 
not critical to the invention. In general, we find it convenient to carry out the reaction at a temperature of from 
35 0°C to 100°C, more preferably from 10°C to 80°C. The time required for the reaction may also vary widely, 
depending on many factors, notably the reaction temperature and the nature of the reagents and solvent 
employed. However, provided that the reaction is effected under the preferred conditions outlined above, a 
period of from 0.5 to 24 hours, more preferably from 1 to 8 hours, will usually suffice. The reaction can be accel- 
erated by adding a catalytic amount of hydrogen perioxide. 
40 After completion of the reaction, the reaction product can be recovered from the reaction mixture by con- 

ventional means. For example, one suitable recovery procedure comprises: neutralizing the reaction mixture 
with a mineral acid, such as hydrochloric acid; distilling off the solvent under reduced pressure; adding water 
to the residue; extracting the mixture with a water-immiscible solvent such as ethyl acetate; drying the organic 
extract solution over a drying agent, such as anhydrous magnesium sulphate; and distilling off the solvent. If 
45 necessary; the product can be further purified by conventional means, for example, by re crystallization, or by 
the various chromatography techniques, notably preparative thin layer chromatography or column 
chromatography. 

(xi) Removing carboxy-protecting groups 

50 

This is the same reaction as is involved in reaction (i) of Step A2 of Reaction Scheme A, and may be carried 
out using the same reagents and reaction conditions. 

(xii) Esterification 

55 

This is the same reaction as is involved in reaction (ii) of Step A2, and may be carried out using the same 
reagents and reaction conditions. 



69 



EP0 503 785 A1 



(xili) Conversion of a carboxy group to a group of formula -CONR 6 R 9 

This is the same reaction as is involved in reaction (Hi) of Step A2, and may be carried out using the same 
reagents and reaction conditions. 

5 

(xiv) Removal of tetrazolyl-protecting groups 

This is the same reaction as is involved in reaction (iv) of Step A2, and may be carried out using the same 
reagents and reaction conditions. 

10 

(xv) Removing hydroxy-protecting groups 

This is the same reaction as is involved in reaction (vii) of Step Al, and may be carried out using the same 
reagents and reaction conditions. 

15 

(xvi) Alkylation and acytation of hydroxy groups 

This is the same reaction as is involved in reaction (viii) of Step A2, and may be carried out using the same 
reagents and reaction conditions. 

20 

Reaction Scheme E: 

In this reaction scheme, a compound of formula (XII) in which R 4 is hydrogen, that is to say a compound 
of formula (XV), is prepared from the corresponding compound of formula (XIII) having a ketonic [-CfOJR 2 ] group 
25 at the 4-position of the imidazole ring. 

Reaction Scheme E: 
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In the above formulae, R\ R 2 , R 3 , R 6 , R 76 and X are as defined above. 

In Step E1 of this reaction scheme, an imidazole-5-carboxylate compound of formula (XIII) is reacted with 
a biphenyimethyl compound of formula (Ilia), to give a compound of formula (XIV). This reaction is essentially 
the same as that described above in Step A1 of Reaction Scheme A, and may be carried out using the same 
5 reagents and reaction conditions. 

The resulting compound of formula (XIV) is then reacted in Step E2 with a reducing agent or with a Grignard 
reagent of formula, R^Mg-X (in which R 3 ® and X are as defined above). This reaction is essentially the same 
as that described above in Step B2 of Reaction Scheme B, and may be carried out using the same reagents 
and reaction conditions. The resulting product may then be recovered and, if desired, further purified, as des- 
10 cribed in Step B2. 

Reaction Scheme F: 

Certain 5-cyanoimidazole derivatives, for use as intermediates in the foregoing reaction schemes may be 
15 prepared as illustrated in the following Reaction Scheme F: 

Reaction Scheme F: 
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In the above formulae, R 1 , R 2 , R 6 , R 75 and X are as defined above. 

In Step F1 of this reaction scheme, an imidazole-5-carboxylate compound of formula (XVI) is reacted with 
a biphenylmethyi compound of formula (Ilia), to give a compound of formula (XVII). This reaction is essentially 
the same as that described above in Step A1 of Reaction Scheme A, and may be carried out using the same 
reagents and reaction conditions. 

Steps F2, F3 and F4 are essentially the same as Steps C2, C3 and C4, respectively, of Reaction Scheme 
C, and may be carried out using the same reagents and reaction conditions. The resulting product may then 
be recovered and, if desired, further purified, as described in Reaction Scheme C. 

The preparation of certain of the starting materials used in the above reaction schemes is shown in Reaction 
Schemes G and H: 
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Reaction Scheme G: 
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Reaction Scheme H: 



Rl -<X 



N' CN 
/ 
H 

(XVI) 



R 2 . 



R 1 C || . OH 

N-^^COOR 53 

i 
H 

(Va) 



Step HI 



R 1 



(XVIa) 



55 



73 



EP 0 503 785 A1 



Step H2 



O 



R2 



CN 



(XHIa) 



Step H3 



Rl— <( T OH 



■NT 



(XIa) 



Step H4 



R2 



N 

Rl— / ! 



*COOH 



(XXII) 



Step H5 



N — 


R \ R^ 


Rl -<. ! 




N 


^OOOR S 


/ 




H 




(Va) 






N* CN 



(XI I la) 



Step H6 




(XXIII) 



Step H7 




N"^^COOR sa 



Step H8 



(Vila) 
74 



EP 0 503 785 A1 




(Va) 

In the above formulae R 1 R 2 R 3 and R 68 are as defined above. R 10 represents an alkyl group containing 
from 1 to 6 carbon atoms, such as those illustrated above in respect of R 1 , and is preferably an alkyl group 
having from 1 to 4 carbon atoms, and more preferably a methyl or ethyl group. R 11 represents a hydrogen atom 
or a imidazolyi-protecting group, for example an aralkyl group, such as a trityl group, a diphenylmethyl group 
or a benzyl group, or an alkoxymethyl group in which the alkoxy part has from 1 to 4 carbon atoms, such as a 
methoxymethyl, ethoxymethyl, propoxymethyl or butoxymethyl group, preferably a trityl group, a benzyl group, 
a methoxymethyl group or an ethoxymethyl group, more preferably a trityl group. 

Reaction Scheme G: 

In this Reaction Scheme G, a compound of formula (V) in which R 4 represents a hydrogen atom, that is a 
compound of formula (Va), (IX) or (XVI) (which are starting materials in Reaction Schemes A, C or F, respect- 
ively) is prepared. The compound of formula (Va) may then, If desired, be protected, e.g. by alkyiation, acylation, 
formation of a tetrahydropyranyloxy, tetrahydrothiopyranyloxy, tetrahydrothienyioxy or tetrahydrofuryloxy 
group, a substituted tetrahydropyranyloxy, tetrahydrothiopyranyloxy, tetrahydrothienyioxy or tetrahydrofuryloxy 
group or a group of formula -SiR a R b R c , in which R a , R b and R c are as defined above. These reactions, other 
than formation of an optionally substituted tetrahydropyranyloxy, tetrahydrothiopyranyloxy, tet- 
rahydrothienyioxy or tetrahydrofuryloxy group, may be carried out as described in reaction (viii) of Step A2 of 
30 Reaction Scheme A, to give the corresponding compound in which R 4 represents any of the groups represented 
by R 4 other than a hydrogen atom. 

Formation of a tetrahydropyranyloxy, tetrahydrothiopyranyloxy, tetrahydrothienyioxy or tetrahydrofuryloxy 
group or a substituted tetrahydropyranyloxy, tetrahydrothiopyranyloxy, tetrahydrothienyioxy or tetrahyd- 
rofuryloxy group may be carried out by reacting a compound of formula (V) in which R 4 represents a hydrogen 
35 atom with dihydropyran, dihydrothiopyran, dihydrothiophene or dihydrofuran or a substituted dihydropyran, 
dihydrothiopyran, dihydrothiophene or dihydrofuran having at least one halogen or - C 6 alkoxy substituent 
in the presence of an acid (such as p_-toluenesul phonic acid) in an inert solvent (for example a halogenated 
hydrocarbon, such as methylene chloride) at about room temperature for from 1 to 24 hours. 

In Step G1 , a compound of formula (XVI) is prepared by reacting an ortho ester compound of formula (XIX) 
40 with diaminomaleonitrile, which has the formula (XX). The reaction is normally and preferably effected in the 
presence of a solvent. There is no particular restriction on the nature of the solvent to be employed, provided 
that it has no adverse effect on the reaction or on the reagents involved and that It can dissolve the reagents, 
at least to some extent. Examples of suitable solvents include: aromatic hydrocarbons, such as benzene, 
toluene or xylene; halogenated hydrocarbons, especially halogenated aliphatic hydrocarbons, such as 1,2-di- 
45 chloroethane or carbon tetrachloride; ethers, such as tetrahydrofuran or dioxane; and nitriles, such as acetonit- 
rile. 

The reaction can take place over a wide range of temperatures, and the precise reaction temperature is 
not critical to the invention. In general, we find it convenient to carry out the reaction at a temperature of from 
50°C to 180°C, more preferably from 80°C to 150°C. The time required for the reaction may also vary widely, 
50 depending on many factors, notably the reaction temperature and the nature of the reagents and solvent 
employed. However, provided that the reaction is effected under the preferred conditions outlined above, a 
period of from 1 to 24 hours, more preferably from 2 to 1 0 hours, will usually suffice. 

The reaction product of formula (XVI) can be recovered by collecting the crystals deposited in the reaction 
system or by distilling off the solvent The product can, rf necessary, be further purified by conventional means, 
55 for example, by recrystallization, or by the various chromatography techniques, notably preparative thin layer 
chromatography or column chromatography. 

Step G2 consists of preparing an imidazole-4,5-d icarboxylic acid compound of formula (XXI) by hydrolyzing 
the compound of formula (XVI) prepared in Step G1 . This reaction may be carried out by heating the compound 
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of formula (XVI) under reflux with an aqueous mineral acid, such as aqueous hydrochloric acid, sulphuric acid 
or nitric acid, for a period of from 1 to 24 hours (preferably from 3 to 16 hours). The product of formula (XXI) 
can be recovered by collecting the crystals deposited in the reaction mixture upon cooling, by filtration or by 
distilling off the solvent. 

5 Step G3, an optional step, consists of preparing a diester compound of formula (IX) by protecting the car- 

boxy group of the imidazole-4,5-dicarboxylic acid compound of formula (XXI) prepared in Step G2. This reaction 
may be carried out by reacting the compound (XXI) with a compound of formula R 6b -Y, in which R 65 and Y are 
as defined above. 

The reaction is normally and preferably effected in the presence of a solvent. There is no particular res- 

10 friction on the nature of the solvent to be employed, provided that it has no adverse effect on the reaction or 
on the reagents involved and that it can dissolve the reagents, at least to some extent. Examples of suitable 
solvents include: hydrocarbons, especially aromatic hydrocarbons, such as benzene or toluene; halogenated 
hydrocarbons, especially halogenated aliphatic hydrocarbons, such as methylene chloride or chloroform; 
ethers, such as tetrahydrofuran or dioxane; alcohols, such as methanol, ethanol or t-butanol; amides, such as 

15 N,N-dimethylacetamide, N^N-dimethylformamide or N-methyl-2-pyrrolidinone; ketones, such as acetone or 
methyl ethyl ketone; nitriles, such as acetontorile; and sulphoxides, such as dimethyl sulphoxide. Of these, we 
prefer the nitriles, halogenated hydrocarbons or amides. 

We also prefer that the reaction should be carried out in the presence of a base, the nature of which is not 
critical, provided that it does not affect any other parts of the reagents. Preferred examples of bases which may 

20 be used include: organic amines, such as triethylamine, N,N-diisopropylethylamine or N-methylmorpholine. 

The reaction can take place over a wide range of temperatures, and the precise reaction temperature is 
not critical to the invention, although the preferred temperature may varies depending upon the nature of the 
starting material, the solvent and the base. In general, we find it convenient to carry out the reaction at a tem- 
perature of from -10°C to 100°C, more preferably from 0°C to 80°C. The time required for the reaction may 

25 also vary widely, depending on many factors, notably the reaction temperature and the nature of the reagents 
and solvent employed. However, provided that the reaction is effected under the preferred conditions outlined 
above, a period of from 0.5 to 24 hours, more preferably from 1 to 16 hours, will usually suffice. 

After completion of the reaction, the desired compound can be recovered from the reaction mixture by con- 
ventional means. For example, after distilling off the solvent, the residue is mixed with water the mixture is 

30 extracted with a water-immiscible organic solvent, such as ethyl acetate; the extract is dried over a drying agent, 
such as anhydrous magnesium sulphate; and the solvent is distilled off. The product can, if necessary, be further 
purified by conventional means, for example, by recrystallization, or by the various chromatography techniques, 
notably preparative thin layer chromatography or column chromatography. 

Alternatively, the dicarboxylic acid compound of formula (XXI) may be esterified, to give the diester of for- 

35 mula (IX). The reaction employed for this will, as is well known in the art, depend on the nature of the ester 
residue R 6b . 

For example, where the group represented by R 5b is a - C B alkyl group or an aralkyl group, such as a 
benzyl group, the compound of formula (IX) can be prepared by reacting the corresponding dicarboxylic acid 
with a Ci - C e alcohol, such as methanol, ethanol, propanol or hexanol, or an aralkyl alcohol, such as a benzyl 

40 alcohol, in the presence of an acid catalyst, such as hydrogen chloride or sulphuric acid in an inert solvent (for 
example: one of the - C e alcohols which may be used as the starting material described above; a halogenated 
hydrocarbon, such as methylene chloride; or an ether, such as tetrahydrofuran or dioxane) at a temperature 
of from 0°C to 100°C, preferably from 20°C to 80°C, for a period of from 1 hour to 3 days, preferably from 16 
to 24 hours; or by treating the corresponding dicarboxylic acid with a halogenating agent (e.g. phosphorus pen- 

45 tachloride, thionyl chloride or oxalyl chloride) in an inert solvent (for example: a halogenated hydrocarbon, such 
as methylene chloride; an ether, such as tetrahydrofuran or dioxane; or an aromatic hydrocarbon, such as ben- 
zene or toluene) at about room temperature for a period of from 30 minutes to 5 hours, preferably from 1 to 3 
hours, to give the corresponding acyl halide and then reacting this acyl halide with the corresponding alcohol 
(when the t-butyl ester is prepared, it is desirable to use potassium t-butoxide in place of the alcohol) in an inert 

so solvent (e.g. benzene or methylene chloride) in the presence of a base (e.g. triethylamine) at about room tem- 
perature for a period of from 30 minutes to 10 hours. 

The desired compound can be recovered from the reaction mixture by conventional means. For example, 
after distilling off the solvent, the residue is dissolved in water and a water-immiscible organic solvent, such as 
ethyl acetate, and the resulting solution is neutralized with sodium hydrogencarbonate; the organic layer is then 

55 separated and dried over a drying agent, such as anhydrous magnesium sulphate; the solvent is then distilled 
off to leave the desired product. The product can, if necessary, be further purified by conventional means, for 
example, by recrystallization, or by the various chromatography techniques, notably preparative thin layer 
chromatography or column chromatography. 
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In Step G4, a compound of formula (Va) is prepared by reacting a diester compound of formula (IX) with 
a Grignard reagent of formula R^MgX and/or R 3a MgX (in which R 28 , R 3 * and X are as defined above). 

The reaction is essentially the same as that described above in Step B2 of Reaction Scheme B t and may 
be carried out using the same reagents and reaction conditions. 

5 

Reaction Scheme H: 

These reactions prepare compounds of formulae (Xllla), (Xla) and (Vila), in each of which R 11 is a hydrogen 
atom, that is to say compounds of formulae (XIII), (XI) and (VII), and a compound of formula (Va), which are 
10 starting materials used in Reaction Schemes E, D, A and B, respectively. 

In Step H1 , which is an optional step, a compound of formula (XVIa) is prepared by reacting a dinitrile com- 
pound of formula (XVI) with a compound of formula R 11a -X (in which X is as defined above and R 11a represents 
any of the groups defined above for R 11 other than a hydrogen atom) in the presence of a base. 

Examples of suitable bases include: alkali metal hydrides, such as lithium hydride or sodium hydride; alkali 
15 metal carbonates, such as sodium carbonate or potassium carbonate; and alkali metal alkoxides, such as 
sodium methoxide, sodium ethoxide or potassium t-butoxide. 

The reaction is normally and preferably effected in the presence of a solvent. There is no particular res- 
triction on the nature of the solvent to be employed, provided that it has no adverse effect on the reaction or 
on the reagents involved and that it can dissolve the reagents, at least to some extent. Examples of suitable 
20 solvents include: halogenated hydrocarbons, such as methylene chloride or chloroform; ethers, such as tet- 
rahydrofuran or dioxane; amides, such as dimethylformamide or dimethyl acetamide; and ketones, such as 
acetone or methyl ethyl ketone. The reaction can take place over a wide range of temperatures, and the precise 
reaction temperature is not critical to the invention. In general, we find it convenient to carry out the reaction 
at a temperature of from 0°C to 120°C, more preferably from 20°C to 80°C. The time required for the reaction 
25 may also vary widely, depending on many factors, notably the reaction temperature and the nature of the rea- 
gents and solvent employed. However, provided that the reaction is effected under the preferred conditions 
outlined above, a period of from 1 to 24 hours, more preferably from 3 to 8 hours, will usually suffice. 

After completion of the reaction, the desired compound can be recovered from the reaction mixture by con- 
ventional means. For example, one suitable recovery procedure comprises: adding water to the reaction mixt- 
30 ure; extracting the mixture with a water-miscible organic solvent, such as ethyl acetate; washing the extract 
with water and drying it over a drying agent, such as anhydrous magnesium sulphate; and finally distilling off 
the solvent The product can, if necessary, be further purified by conventional means, for example, by recrys- 
tallization, or by the various chromatography techniques, notably preparative thin layer chromatography or col- 
umn chromatography. 

35 In Step H2, a compound of formula (Xllla) is prepared by reacting a dinitrile compound of formula (XVIa) 

with a Grignard reagent of formula R^MgX, in which R 2 * and X are as defined above, or with a reducing agent. 
This reaction is essentially the same as that described above in Step B2 of Reaction Scheme B, and may be 
carried out using the same reagents and reaction conditions. 

An imidazolyl-protecting group of a compound of formula (Xllla) may optionally be removed by treating the 
40 compound of formula (Xllla) in a conventional manner, depending on the nature of the protecting group, to give 
the compound of formula (XIII). 

For example, when the protecting group is a trityl group or an alkoxymethyl group, it may be removed by 
reacting the protected compound with an acid. 

Examples of suitable acids include: inorganic acids, such as hydrochloric acid orsulphuric acid; and organic 
45 acids, such as acetic acid, formic acid, trifluoroacetic acid, methanesuiphonic acid or r>toluenesul phonic acid. 

The reaction is normally and preferably effected in the presence of a solvent. There is no particular res- 
triction on the nature of the solvent to be employed, provided that it has no adverse effect on the reaction or 
on the reagents involved and that it can dissolve the reagents, at least to some extent. Examples of suitable 
solvents include: ethers, such as tetrahydrofuran or dioxane; alcohols, such as methanol or ethanol; acids, such 
so as acetic acid; water; or a mixture of any two or more of the above solvents. 

The reaction can take place over a wide range of temperatures, and the precise reaction temperature is 
not critical to the invention. In general, we find it convenient to carry out the reaction at a temperature of from 
0°C to 120°C, more preferably from 10°C to 100°C. The time required for the reaction may also vary widely, 
depending on many factors, notably the reaction temperature and the nature of the reagents and solvent 
55 employed. However, provided that the reaction is effected under the preferred conditions outlined above, a 
period of from 30 minutes to 24 hours, more preferably from 1 to 16 hours, will usually suffice. 

After completion of the reaction, the desired compound can be recovered from the reaction mixture by con- 
ventional means. For example, one suitable recovery procedure comprises: evaporating the solvent and puri- 
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tying the product by recrystallization or chromatography; or neutralizing the reaction mixture with a weak base 
(such as sodium hydrogencarbonate), extracting with a water-immiscible organic solvent, such as ethyl acetate, 
and evaporating off the solvent The product can, if necessary, be further purified by conventional means, for 
example, by recrystallization. or by the various chromatography techniques, notably preparative thin layer 

5 chromatography or column chromatography. 

When the imidazolyl-protecting group is an aralkyl group, such as a benzyl or diphenylmethyl group, it can 
be removed by catalytic hydroge nation. The reaction is essentially the same as that described above in reaction 
(i) of Step A2 of Reaction Scheme A, in which the carboxy-protecting group is an an aralkyl group, and may 
be carried out using the same reagents and reaction conditions. 

w In Step H3, the resulting carbonyl compound of formula (Xllla) is then reacted with a Grignard reagent of 

formula R^MgX, in which R 33 and X are as defined above, or with a reducing agent, to give the compound of 
formula (Xla). This reaction is essentially the same as that described above in Step B2 of Reaction Scheme 
B, and may be carried out using the same reagents and reaction conditions. 

If desired, the imidazolyl-protecting group of the compound of formula (Xla) can be removed by essentially 

15 the same reaction as that optional reaction described above as Step H2 of Reaction Scheme H, which may be 
carried out using the same reagents and reaction conditions. 

In Step H4 f a carboxylic acid compound of formula (XXII) is prepared by hydrolyzing the remaining cyano 
group at the 5-position of the imidazole ring. The reaction may be carried out using an alkali metal hydroxide, 
such as sodium hydroxide, potassium hydroxide or lithium hydroxide, in an inert solvent (preferably water; an 

20 alcohol, such as methanol or ethanol; an ether, such as tetrahydrofuran or dioxane; or a mixture of any two or 
more of the above solvents). The reaction can take place over a wide range of temperatures, and the precise 
reaction temperature is not critical to the invention. In general, we find it convenient to carry out the reaction 
at a temperature of from 0°C to 120°C, more preferably from 20°C to 100°C. The time required for the reaction 
may also vary widely, depending on many factors, notably the reaction temperature and the nature of the rea- 

25 gents and solvent employed. However, provided that the reaction is effected under the preferred conditions 
outlined above, a period of from 0.5 to 24 hours, more preferably from 1 to 16 hours, will usually suffice. After 
completion of the reaction, the reaction product can be recovered by conventional means. For example, the 
reaction mixture is neutralized by adding a mineral acid, such as hydrochloric acid; if the desired compound of 
formula (XXII) appears as a precipitate in the reaction medium, it can be collected by filtration. Alternatively, 

30 the desired compound can be recovered as follows: after neutralizing the reaction mixture, the solvent is distilled 
off and the residue is subjected to column chromatography; alternatively, the residue may be mixed with water 
and a water-immiscible organic solvent and extracted with the organic solvent, after which the extract is dried 
over a drying agent, such as anhydrous magnesium sulphate, and the solvent is distilled off to leave the desired 
product The product can, if necessary, be further purified by conventional means, for example, by recrystalli- 

35 zation, or by the various chromatography techniques, notably preparative thin layer chromatography or column 
chromatography. 

In Step H5, an optional step, a compound of formula (Va) is prepared by esterification of the carboxylic 
acid compound of formula (XXII), optionally followed by deprotection of the imidazolyl group. This esterification 
reaction is essentially the same as that described above in reaction (ii) of Step A2 of Reaction Scheme A, and 
40 the optional deprotection is essentially the same as Step H2 of Reaction Scheme H, and each may be carried 
out using the same reagents and reaction conditions. 

In Step H6, a compound of formula (XXIII) is prepared by hydrolysing a compound of formula (Xllla). This 
reaction is essentially the same as that described above in Step H4 of Reaction Scheme H, and may be carried 
out using the same reagents and reaction conditions. 
45 In Step H7, a compound of formula (Vila) is prepared by esterification of the compound of formula (XXIII). 

This reaction is essentially the same as that described above in Step H5 of Reaction Scheme H, and may be 
carried out using the same reagents and reaction conditions. 

If desired, the imidazolyl-protecting group of the compound of formula (Vila) can be removed by essentially 
the same reaction as that optional reaction described above as Step H2 of Reaction Scheme H, which may be 
so carried out using the same reagents and reaction conditions. 

In Step H8, a compound of formula (Va) is prepared by reacting a compound of formula (Vila) with a Grig- 
nard reagent and/or a reducing agent, and then optionally deprotecting the imidazolyl group. This reaction is 
essentially the same as that described above in Step B2 of Reaction Scheme B, and the optional deprotection 
is essentially the same as Step H2 of Reaction Scheme H, and each may be carried out using the same reagents 
55 and reaction conditions. 

The compounds of the present invention can form salts. There is no particular restriction on the nature of 
these salts, provided that, where they are intended for therapeutic use, they are pharmaceutically acceptable. 
Where they are intended for non-therapeutic uses, e.g. as intermediates in the preparation of other, and poss- 
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ibly more active, compounds, even this restriction does not apply. The compounds of the present invention can 
form salts with bases. Examples of such salts include: salts with an alkali metal, such as sodium, potassium 
or lithium; salts with an alkaline earth metal, such as barium or calcium; salts with another metal, such as mag- 
nesium or aluminium; organic base salts, such as a salt with dicyclohexyiamine, guanidine or triethylamine; 

5 and salts with a basic amino acid, such as lysine or arginine. Also, the compound of the present invention con- 
tains a basic group in its molecule and can therefore form acid addition salts. Examples of such acid addition 
salts include: salts with mineral acids, especially hydrohalic acids (such as hydrofluoric acid, hydrobromic acid, 
hydroiodic acid or hydrochloric acid), nitric acid, carbonic acid, sulphuric acid or phosphoric acid; salts with 
lower alkylsul phonic acids, such as methanesulphonic acid, trifluoromethanesul phonic acid or ethanesul phonic 

w acid; salts with arylsulphonic acids, such as benzenesulphonic acid or p-toluenesulphonic acid; salts with 
organic carboxylic acids, such as acetic acid, fumaric acid, tartaric acid, oxalic acid, maleic acid, malic acid, 
succinic acid or citric acid; and salts with amino acids, such as glutamic acid or aspartic acid. The compounds 
of the present invention can be converted to a pharmaceutical ly acceptable salt by treatment with an acid or a 
base by conventional means, as is well known in the art. 

15 The compounds of the present invention exh ibit an excellent inhibitory effect against the elevation of blood 

pressure induced by angiotensin II and are therefore extremely useful for prevention or treatment of circulatory 
diseases as a hypotensive drug or a therapeutic drug for heart diseases. 
Their biological activity was determined by the following experiment. 

20 Evaluation of All receptor blocking activity by Inhibition of pressor response to angiotensin II 

The biological activity of each compound was assessed by determining the dose required to inhibit the 
pressor response to intravenous angiotensin II by fifty percent (ID50) in rats. Male Wister-lmamichi rats, each 
weighing 300 to 400 g, were anesthesized by intraperitoneal injection of 100 mg/Kg of sodium thiobuta barbital 

25 Pnactin (trade name)] and two cannuiae were inserted: one into the femoral artery for measuring blood pressure 
and the other into the femoral vein for injecting drugs. Fifty ng/kg of angiotensin II were intravenously adminis- 
tered at intervals of about 1 0 minutes, and the elevation of blood pressure (normally about 50 mmHg) was obser- 
ved. After constant pressor responses to angiotensin II were obtained, a test compound was intravenously 
administered. Two minutes later, angiotension II was again injected, and the inhibitory effect of the test com- 

30 pound was estimated. The percent inhibitions of the pressor response to angiotensin II by progressive increase 
of the test compound was used to calculate the value of ID50. Angiotensin II was used in this test dissolved in 
0.5 % bovine serum albumin (BSA) and the test compounds were dissolved in 100% dimethyl sulphoxide 
(DMSO). Table 7 shows the ID50 values thus determined. 

In addition to the compounds of the invention (which are identified hereafter by the number of the one of 

35 the following Examples which illustrates their preparation), we also carried out the same experiment using a 
prior art compound (identified in the Table as "compound A"), which is 2-{4-(2-butyl-5-chloro-4-chloromethyli- 
midazol-1-ylmethyl)phenyl]benzoic acid, which is disclosed in Example 118 of European Patent Publication No. 
253 310. 

40 
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Test compound ID50 (mg/kg, i.v.) 

(Compound of Example No.) 



10 



15 



20 



25 



30 



40 
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0.22 


10 


0.066 


11 


0.25 


17 


0.056 


19 


0.008 


22 


0 . 017 


23 


0.043 


24 


0.014 


36 


0.0062 


39 


0.010 


41 


0 .0063 


44 


0.0082 


45 


0.19 


46 


0.18 


48 


0.064 


50 


0.22 


55 


0.23 


59 


0.066 


60 


0.134 


69 


0.019 


74 


0.036 


75 


0 .11 


76 


0.022 



45 



A 3.3 



50 

. The compounds of the present invention can be administered, for example, orally in the form of tablets, 
capsules, granules, powders, syrups or the like, or parente rally by injection, suppository or the like. These phar- 
maceutical preparations can be produced in the conventional manner using the adjuvants generally known in 
the art, such as excipients, binders, disintegrating agents, lubricants, stabilizers, comgents and the like. 
55 Although the dosage may vary depending upon the symptoms and age of the patient, the nature and severity 
of the disease or disorder and the route and manner of administration, in the case of oral administration to an 
adult human patient, the compounds of the present invention may normally be administered at a total daily dose 
of from 1 to 1000 mg, preferably from 5 to 300 mg, either in a single dose, or in divided doses, for example two 



80 



EP 0 503 785 A1 



or three times a day; in the case of intravenous injection, a dose of from 0.1 to 100 mg, preferably from 0.5 to 
30 mg, may be administered between one and three times a day. 

The invention is further illustrated by the following Examples, which demonstrate the preparation of various 
of the compounds of the invention. The preparation of certain starting materials used in these Examples is 
5 shown in the subsequent Preparations. 

EXAMPLE 1 

Methyl H(2'4-butoxycart)onylbiphenyl^yl)meth^ (Com- 
10 pound No. 1-94) 

1 (a) Dimethyl 1-[(2'-t-butoxycart>onylbiphenyl^yl)^ 

A sodium methoxide solution prepared from 0.69 g of sodium and 40 ml of methanol was added to a solution 
15 of 7.2 g of dimethyl 2-butyiimidazoie-4 t 5-dicarboxylate (prepared as described in Preparation 4) in 40 ml of 
methanol, and the resulting mixture was concentrated by evaporation under reduced pressure. The resulting 
residue was mixed with benzene, and the mixture was concentrated by distillation under reduced pressure. After 
this operation had been repeated three times, the solid thus obtained was dissolved in 72 mi of N,N-dimethy- 
lacetamide. A solution of 10.41 g of t-butyl 4'-bromomethylbiphenyl-2-carooxyiate in 100 ml of N,N-dimethyla- 
20 cetamide was then added dropwise to the resulting solution. The reaction mixture was then stirred at room 
temperature for 1 hour and at 50 - 55°C for 2 hours. At the end of this time, it was mixed with ethyl acetate and 
water, and the ethyl acetate layer was separated, and dried over anhydrous magnesium sulphate; the solvent 
was then removed by distillation under reduced pressure. The residue was purified by column chromatography 
through silica gel, using a 1 : 1 by volume mixture of ethyl acetate and hexane as the eluent, to give 15.1 g of 
25 the title compound as a gum. 

Nuclear Magnetic Resonance Spectrum (CDCf 3 ) 5 ppm: 
0.90 (3H, triplet, J = 7 Hz); 
1.26 (9H, triplet); 
1.1 -2.0 (4H, multiplet); 
30 2.70 (2H, triplet, J = 7 Hz); 

3.81 (3H, singlet); 
3.90 (3H, singlet); 
5.47 (2H, singlet); 
6.95 - 7.85 (8H, multiplet). 

35 

1 (b) Methyl 1-[(2'-t-butoxycarbonylbiphenyl^-yl)methyl]-2-brt 

42 ml of diisobutyl aluminium hydride (as a 1.5 M solution in in toluene) were added dropwise at a tempera- 
ture between -20°C and -15°C to a solution of 16.0 g of dimethyl 1-[(2'-t-butoxycarbonylbiphenyl-4-yl)methyl]- 
40 2-butylimidazole-4, 5-dicarboxyiate [prepared as described in step (a) above] in 200 ml of tetrahydrofuran, and 
the resulting mixture was allowed to stand at 0 - 5°C for 16 hours. At the end of this time, the reaction mixture 
was mixed with an aqueous solution of ammonium chloride and ethyl acetate and was then stirred for 1 hour. 
After this, precipitates were removed by filtration. The ethyl acetate layer was then separated and dried over 
anhydrous magnesium sulphate, and the solvent was removed by distillation under reduced pressure. The resi- 
45 due was then purified by column chromatography through silica get, using ethyl acetate as the eluent, to give 
12.0 g of the title compound as crystals, melting at 99°C. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 6 ppm: 
0.90 (3H, triplet, J = 7 Hz); 
1.20 (9H, singlet); 
so 1.1 - 2.0 (4H, multiplet); 

2.69 (2H, triplet, J = 7 Hz); 
3.55 (1 H, broad singlet); 
3.78 (3H, singlet); 
4.84 (2H, doublet, J = 5 Hz); 
55 5.60 (2H, singlet); 

6.95 - 7.9 (8H, multiplet). 
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EXAMPLE 2 

Ethyl 1-[(2M-butoxycarbonylbiphenyl^-yl)m (Com- 
pound No. 1-95) 

2(a) Diethyl 1 -[^-t-butogycarbo^ 

Following a procedure similar to that described in Example 1 (a), but using 8.0 g of diethyl 2-butylimidazole- 
4,5-dicarboxyiate (prepared as described in Preparation 3) and 10.41 g of t-butyl 4'-bromomethylbiphenyl-2- 
carboxyl ate, 15.4 g of the title compound were obtained as a gum. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 ) 5 ppm: 

0.90 (3H, triplet, J = 7 Hz); 

1.1 -2.0 (4H, multiplet); 

1.24 (9H, singlet); 

1.26 (3H, triplet, J = 7 Hz); 

1.39 (3H, triplet, J = 7 Hz); 
2.72 (2H, triplet, J = 7 Hz); 
4.28 (2H, quartet, J = 7 Hz); 

4.40 (2H, quartet, J = 7 Hz); 
5.50 (2H, singlet); 

7.0 - 7.9 (8H, multiplet). 

2 (b) Ethyl H(2M-butoxycarbonylbiphenyl-4-yl)methyl}-2-butyl-4-hydroxymethyl imidazole-5-carboxylate 

Following a procedure similar to that described in Example 1(b), but using 1.50 g of diethyl 1-[(2'-t- 
butoxycarbonylbiphenyl-4-yl)methyll-2-butylimidazole-4,5-dicarboxylate [prepared as described in step (a) 
above] and 3.9 ml of diisobutylaluminium hydride (as a 1.5 M solution in toluene), 1.1 g of the title compound 
was obtained as a gum. 

Nuclear Magnetic Resonance Spectrum (CDCl 3 ) 8 ppm: 
0.90 (3H, triplet, J = 7 Hz); 
1.24 (9H, singlet); 
1.30 (3H, triplet, J = 7 Hz); 

1.1 -2.0 (4H, multiplet); 
2.68 (2H, triplet, J = 7 Hz); 
3.60 (1H, broad singlet); 
4.24 (2H, quartet, J = 7 Hz); 
4.84 (2H, singlet); 

5.57 (2H, singlet); 

6.9 - 7.85 (8H, multiplet). 

EXAMPLE 3 

Methyl 2>butyl-1-[(2 / -carboxybiphenyl-4-yl)methy<]-4-hydroxymethylimidazole-5-carboxylate (Compound No. 

A solution of 0.36 g of methyl 1-[(2'-t-butoxycarbonylbiphenyl-4-yl)methyl]-2-butyl-4-hydroxymethylimi- 
dazole-5-carboxylate (prepared as described in Example 1) in 4 ml of a 4 N solution of hydrogen chloride in 
dioxane was allowed to stand at room temperature for 4 hours. At the end of this time, the reaction mixture 
was concentrated by evaporation under reduced pressure, and the residue was triturated with ethyl acetate, 
to give crystals, which were collected by filtration to give 0.35 g of the title compound in the form of its hyd- 
rochloride, melting at 192-195°C (with decomposition). 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 5 ppm: 
0.81 (3H, triplet, J = 7 Hz); 
1.22 - 1.35 (2H, multiplet); 
1.43 - 1.56 (2H, multiplet); 
3.00 (2H, triplet, J = 7 Hz); 
3.82 (3H, singlet); 
4.81 (2H, singlet); 
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5.77 (2H, singlet); 
7.18-7.75 (8H ? multiset). 

EXAMPLE 4 

5 

1- [(2'-t-Butoxycart3ony1biphenyM^ acid (Com- 
pound No. 1-96) 

A solution of 2.01 g of lithium hydroxide monohydrate in 97 ml of water was added to a solution of 4.78 g 
w of methyl 1-[(2 r -t-butoxycart>onylbiphenyM {prep- 
ared as described in Example 1) in 48 ml of dioxane, and the resulting mixture was stirred at room temperature 
for 18 hours. At the end of this time, the reaction mixture was freed from dioxane by distillation under reduced 
pressure, and 47.6 ml of 1 N aqueous hydrochloric acid were added to the aqueous residue. The crystals which 
precipitated were collected by filtration and then washed with water and with diethyl ether, in that order, to give 
15 4.26 g of the title compound, melting at 1 87°C (with decomposition). 
Nuclear Magnetic Resonance Spectrum (CDCl 3 ) 8 ppm: 
0.85 (3H, triplet, J = 7 Hz); 
1.24 (9H, singlet); 
1.1 -1.9(4H, multiplet); 
20 2.80 (2H, triplet, J = 7 Hz); 

5.05 (2H, singlet); 
5.93 (2H, singlet); 
7.0-7.85 (8H, multiplet). 

25 EXAMPLE 5 

2- Butyl-1-[(2 f -cart?oxybiphenyl-4-yl)methyl}-^hydroxymethyl imidazole-5-carboxylic acid (Compound No. 1-2) 

A solution of 0.12 g of 1-[(2'-t-butoxycaroonylbiphenyl-4-yl)methyl]-2-butyl-^hydroxymethyl imidazole-5- 
30 carboxylic acid (prepared as described in Example 4) in 2 ml of a 4 N solution of hydrogen chloride in dioxane 
was allowed to stand at room temperature for 5 hours and then the solvent was removed by distillation under 
reduced pressure. The resulting residue was triturated in ethyl acetate, to give 0.1 1 g of the title compound in 
the form of its hydrochloride, melting at 130 - 140°C (with softening). 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 5 ppm: 
35 0.80 (3H, triplet, J = 7 Hz); 

1.2- 1.33 (2H, multiplet); 
1.4-1.53 (2H, multiplet); 
2.98 (2H, triplet, J = 7 Hz); 
4.84 (2H, singlet); 
40 5.81 (2H, singlet); 

7.17 - 7.74 (8H, multiplet). 

EXAMPLE 6 

45 Pivaloyloxymethyl 1-[(2M-butoxycarbonylbiphenyl-4-yl)meth^ 
ate (Compound No. 1-97) 

350 mg of potassium carbonate were added to a solution of 552 mg of 1-[(2 , -t-butoxycarbonylbiphenyl-4- 
yl)methyl]-2-butyl>4-hydroxymethylimidazole-5-carboxylic acid (prepared as described in Example 4) and 220 
50 mg of pivaloyloxymethyl chloride in 7 ml of N,N-dimethylacetamide, and the resulting mixture was stirred at room 
temperature for 5 hours. At the end of this time, the reaction mixture was mixed with ethyl acetate and water, 
and the ethyl acetate layer was separated and dried over anhydrous magnesium sulphate; the solvent was then 
removed by distillation under reduced pressure. The resulting residue was purified by column chromatography 
through silica gel, using ethyl acetate as the eluent, to give 0.62 g of the title compound as a syrup. 
55 Nuclear Magnetic Resonance Spectrum (CDCf 3 ) 8 ppm: 
0.91 (3H, triplet, J = 7 Hz); 

1.18 (9H, singlet); 
1.21 (9H, singlet); 
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1.1 -2.0 (4H, multiplet); 

2.72 (2H. triplet, J = 7 Hz); 

3.35 (1H, broad); 

4.85 (2H, doublet, J = 5 Hz); 

5.61 (2H, singlet); 

5.90 (2H, singlet); 

6.95 - 7.9 (8H, multiplet). 

EXAMPLE 7 

Pivaloyloxymethyl 2-butyl-1-[(2'-carboxybiphenyl-4-yl)m 
(Compound No. 1-98) 

A solution of 0.62 g of pivaloyloxymethyl 1-[(2'-t-butoxycarbonylbiphenyl-4-yl)methyl]-2-butyl-4-hyd- 
roxym ethyl imidazole-5-carboxyl ate (prepared as described in Example 6) in 10 ml of a 4 N solution of hydrogen 
chloride in dioxane was allowed to stand at room temperature for 4 hours, after which it was concentrated by 
evaporation under reduced pressure. The syrupy residue was stirred in diethyl ether, and then the solvent was 
removed by decantation and the residue was dried in vacuo , to give 0.46 g of the hydrochloride of the title com- 
pound as a powder. 

Nuclear Magnetic Resonance Spectrum (CDCl 3 ) 5 ppm: 
0.85 (3H, triplet, J = 7 Hz); 
1.19 (9H, singlet); 
1.25 - 1.45 (2H, multiplet); 
1.65 - 1.80 (2H, multiplet); 
2.99 (2H, triplet, J = 7 Hz); 
5.01 (2H, singlet); 

5.70 (2H, singlet); 
5.89 (2H. singlet); 

7.05 - 7.97 (8H, multiplet). 

EXAMPLE 8 

Methyl 1-[(2'-t-butoxyrarbonylbiphenyl-4-yl)methy^ (Com- 
pound No. 1-99) 

0.057 g of sodium hydride (as a 55% w/w dispersion in mineral oil) was added to a solution of 0.478 g of 
methyl 1-[(2'-t-butoxycart>onylbiphenyl-4-yl)m (prep- 
ared as described in Example 1) in 5 ml of N.N-dimethylacetamide, and the resulting mixture was stirred at 
room temperature for 30 minutes. At the end of this time, 0. 1 25 ml of iodomethane were added, and the reaction 
mixture was stirred at 50°C for 3 hours. The reaction mixture was then mixed with ethyl acetate and water. The 
ethyl acetate layer was separated and dried over anhydrous magnesium sulphate; the solvent was then 
removed by distillation under reduced pressure. The resulting residue was purified by column chromatography 
through silica gel, using a 1 : 1 by volume mixture of ethyl acetate and methylene chloride as the eiuent, to 
give 0.30 g of the title compound as a gum. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 ) 6 ppm: 

0.90 (3H, triplet, J = 7 Hz); 

1.24 (9H, singlet); 

1.1 -2.0 (4H, multiplet); 

2.71 (2H, triplet, J = 7 Hz); 
3.46 (3H, singlet); 

3.80 (3H, singlet); 
4.68 (2H, singlet); 
5.60 (2H, singlet); 
6.9 - 7.9 (8H, multiplet). 
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EXAMPLE 9 

Methyl 2-butyl-1-[(2'-carboxybiphenyl-4-yl)methyn^ (Compound 
No. 1-121) 

5 

A solution of 0.30 g of methyl 1-[(2'-t-butoxycaroonyJblphenyl-4-yl)methyl]-2-butyl-^(methoxymethyl)imh 
dazole-5-carboxylate (prepared as described in Example 8) in 3 ml of a 4 N solution of hydrogen chloride in 
dioxane was allowed to stand at room temperature for 5 hours, after which the solvent was removed by distil- 
lation under reduced pressure. The syrupy residue was triturated in diethyl ether and collected by filtration, to 
10 give 0.26 g of the title compound in the form of its hydrochloride, melting at 106 - 1 10°C (with softening). 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 6 ppm: 
0.81 (3H, triplet, J = 7 Hz); 
1.2- 1.35 (2H, multiplet); 
1.45- 1.6 (2H, multiplet); 
15 2.97 (2H, triplet, J - 7 Hz); 

3.39 (3H, singlet); 
3.82 (3H. singlet); 
4.72 (2H, singlet); 
5.75 (2H, singlet); 

20 7.16-7.74 (8H, multiplet). 

EXAMPLE 10 

2-Butyl-1-[(2'-caifroxybiphenyl-4-yQ^^ acid (Com- 

25 pound No. 1-31) 

10(a) H(2'-t-Butoxycarbonytbiphenyl^ 

48 mg of sodium hydride (as a 55% w/w dispersion in mineral oil) were added, at room temperature and 
30 under an atmosphere of nitrogen, whilst stirring, to a solution of 207 mg of 2-butyl-5-cyano-4-[(1-hydroxy-1- 
methyl)ethyl]imidazole (prepared as described in Preparation 7) in 10 ml of N,N-dimethylacetamide, and the 
resulting mixture was stirred for 30 minutes; at the end of this time, 347 mg of t-butyl 4'-bromomethylbiphenyl- 
2-carboxylate were added. The reaction mixture was then stirred at room temperature for 2 hours, after which 
it was poured into a mixture of ice and sodium chloride and extracted with ethyl acetate. The extract was dried 
35 over anhydrous magnesium sulphate and concentrated by evaporation under reduced pressure, to give an oily 
crude product. This was purified by column chromatography through silica gel, using a 1 : 1 by volume mixture 
of hexane and ethyl acetate as the eluent, to give 462 mg of the tide compound. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 ) 8 ppm: 
0.90 (3H, triplet, J = 7 Hz); 
40 1.1-2.1 (4H, multiplet); 

1.21 (9H, singlet); 
1.61 (6H, singlet); 
2.70 (2H, triplet, J = 7 Hz); 

3.40 (1H, singlet); 
45 5.22 (2H, singlet); 

7.0-8.0 (8H, multiplet). 

10(b) 2-Butyl-1-[(2'-cart>oxybiphenyl^yl)meth^ 

so A solution of 462 mg of 1-[(2'-t-butoxycarbonylbiphenyl-4-yl)memyl>2-butyl-5-c^ano^[(1-hydroxy-1-me- 

thyl)ethyi]imidazole [prepared as described in step (a) above] in 10 ml of a 4 N solution of hydrogen chloride 
in dioxane was allowed to stand overnight at room temperature. At the end of this time, the reaction mixture 
was concentrated by evaporation under reduced pressure, and the concentrate was dissolved in methylene 
chloride. The precipitate which deposited was collected by filtration and dried, to give 457 mg of the hyd- 
55 rochloride of the title compound as a colourless powder, melting at 209 - 210°C. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 5 ppm: 
0.85 (3H, triplet, J = 7 Hz); 
1.0-1.8 (4H, multiplet); 
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1.58 (6H, singlet); 

3.00 (2H, triplet, J = 7 Hz); 
5.51 (2H, singlet); 

7.1 -8.0(8H, multiple!). 

5 

10(c) 2-Butyl-1-[(2'-cart)Oxybiphenyl^^ acid 

A solution of 314 mg of 2-butyM-[(2'-cart>oxybiphenyl^yl)methyl]-5-^^ 
hyi] imidazole hydrochloride [prepared as described in step (b) above] in an aqueous solution of 460 mg of 
10 sodium hydroxide in 5 ml of water was stirred in an oil bath kept at 100°C for 5 hours. At the end of this time, 
the reaction mixture was cooled, and its pH was adjusted to a value of 3 to 4 by the addition of 1 N aqueous 
hydrochloric acid. The colourless precipitate which deposited was collected by filtration, washed with water and 
dried over anhydrous magnesium sulphate, to give 244 mg of the title compound, melting at 139 - 141°C. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 6 ppm: 
15 0.86 (3H f triplet, J = 7 Hz); 

1.0- 1.9 (4H, multiplet); 
1.60 (6H, singlet); 
2.66 (2H, triplet, J = 7 Hz); 
5.70 (2H, singlet); 
20 6.9 - 7.9 (8H, multiplet). 

EXAMPLE 11 

2-Butyl-1-[(2 f -cart)oxybiphenyM~yO^ acid (Compound No. 1- 

25 25) 

11(a) 4-AcetyM-[(2'-t-butoxycart3onylbipheny^ 

0.87 g of potassium carbonate and 2.4 g of t-butyl 4'-bromomethy1biphenyl-2-carboxylate were added to 
30 a solution of 1.2 g of 4-acetyl-2-butyl-5-cyanoimidazole (prepared as described in Preparation 5) in 12 ml of 
N.N-dimethylacetamide, and the resulting mixture was stirred at room temperature for 3 hours. At the end of 
this time, the reaction mixture was diluted with 100 ml of ethyl acetate and washed with a saturated aqueous 
solution of sodium chloride. The aqueous layer was once again extracted with 50 ml of ethyl acetate, and the 
combined extracts were washed with a saturated aqueous solution of sodium chloride. The solvent was 
35 removed by distillation under reduced pressure, and the resulting residue was purified by column 
chromatography through silica gel, using a 3 : 1 by volume mixture of hexane and ethyl acetate as the eluent, 
to give 1.31 g of the title compound. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 ) 6 ppm: 
0.93 (3H, triplet, J = 7 Hz); 
40 1.1 -2.1 (4H, multiplet); 

1.23 (9H, singlet); 
2.58 (3H, singlet); 
2.75 (2H, triplet, J = 7 Hz); 
5.32 (2H, singlet); 
45 7.0 - 8.0 (8H, multiplet). 

11 (b) 4-Acetyl-2-buty)-1-[(2 , -carboxybiphenyl^4-yl)methyl3-5-cyanoimidazole - 

A solution of 1 .3 g of 4-acetyi-1 -{(2'-t-butoxycarbonylbiphenyl-4-yl)methyl]-2-butyl-5-cyanoimidazole [prep- 
50 ared as described in step (a) above] in 30 ml of a 4 N solution of hydrogen chloride in dioxane was allowed to 
stand overnight at room temperature, after which it was concentrated by evaporation under reduced pressure. 
The concentrate was purified by column chromatography through silica gel, using a 10 : 1 by volume mixture 
of methylene chloride and methanol as the eluent, to give a colourless amorphous solid. The solid was triturated 
in hexane, collected by filtration and dried, to give 1.1 g of the title compound, melting at above 55°C (with sof- 
55 tening). 

Nuclear Magnetic Resonance Spectrum (CDCf 3 ) 6 ppm: 
0.84 (3H, triplet, J = 7 Hz); 
1.0-2.0 (4H, multiplet); 
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2.54 (3H, singlet); 
2.66 (2H, triplet, J = 7 Hz); 
5.17 (2H, singlet); 
6.8-7.0 (8H, multiplet). 

5 

11(c) 2-ButyM-[(2'-carboxybiphenyl^^ 

68 mg of sodium boro hydride were added to a solution of 71 8 mg of 4-acetyl-2-butyl-1 -{(2'-carboxyb i phenyl - 
4-yi)methy13-5-cyanoimidazole [prepared as described in step (b) above] in a mature of 20 ml of isopropanol 
w and 10 ml of ethanol, and the resulting mixture was stirred at room temperature for 3 hours. At the end of this 
time, the pH of the reaction mixture was adjusted to a value of 3 by the addition of 1 N aqueous hydrochloric 
acid, after which the solvent was distilled off under reduced pressure. The resulting residue was mixed with 
methylene chloride and water, and the methylene chloride layer was separated. The aqueous layer was ext- 
racted three times with methylene chloride, and the combined extracts were dried and concentrated by evapor- 
15 ation under reduced pressure. The resulting residue was dissolved in 10 ml of ethyl acetate and allowed to 
stand at room temperature. The solid which then deposited was collected by filtration and dried, to give 398 
mg of the title compound as a colourless powder, melting at 200 - 201 °C. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 5 ppm: 
0.88 (3H, triplet, J = 7 Hz); 
20 1.0- 2.0 (4H, multiplet); 

1.54 (3H. doublet, J = 7 Hz); 
2.68 (2H, triplet, J = 7 Hz); 
4.91 (1H, quartet, J = 7 Hz); 
5.21 (2H, singlet); 
25 7.0 - 8.0 (8H, multiplet). 

1 1(d) 2-Butyj-t-f^2jcart)Oxffi acid 

A mixture of 300 mg of 2-butyl-H(2'-carboxybiphenyl-4-yl)meth^ 
30 [prepared as described in step (c) above] and 3 ml of a 1 N aqueous solution of sodium hydroxide was stirred 
in an oil bath kept at 80°C for 3 hours. At the end of this time, the reaction mixture was cooled and then weakly 
acidified with hydrochloric acid; it was then extracted four times, each time with 30 ml of methylene chloride. 
The combined extracts were dried and concentrated to dryness by evaporation under reduced pressure, to give 
an amorphous solid. This solid was purified by column chromatography through silica gel, using mixtures of 
35 methylene chloride and methanol ranging from 10 : 1 to 3 : 1 by volume as the eluent A solid obtained from 
the eluate was triturated in diethyl ether. The resulting powder was collected by filtration and dried, to give 72.3 
mg of the title compound as a colourless powder, melting at 168 - 170°C (with softening above 140°C). 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 5 ppm: 
0.84 (3H, triplet, J = 7 Hz); 
40 1.0- 2.0 (4H, multiplet); 

1.52 (3H, doublet, J = 7 Hz); 

2.3 - 2.8 (2H, overlapped with a peak of dimethyl sulphoxide); 
4.93 (1H, quartet, J = 7 Hz); 
5.60 (2H, broad singlet); 
45 6.8 - 7.8 (8H, multiplet). 

EXAMPLE 12 

2-Butyl-1-[(2'-rarooxybiphenyl-4-y1)methy^ acid (Compound No. 

50 1-80) 

12(a) 4-Benzoyl-1-[(2'-t-butoxy<^rbonylbiphenyl-4-yl)methyt]-2-butyl-5-cyanoimidazole 

Following a procedure similar to that described in Example 11(a), but using 1.27 g of 4-benzoyl-2-butyl- 
55 5-cyanoimidazole (prepared as described in Preparation 6), 1.74 g of t-butyl 4'-bromomethylbiphenyl-2-car- 
boxylate, 0.69 of potassium carbonate and 20 ml of N,N-dimethylacetamide, and then purifying the product by 
column chromatography through silica gei, using a 2 : 1 by volume mixture of hexane and ethyl acetate as the 
eluent, 2.1 g of the title compound were obtained. 
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Nuclear Magnetic Resonance Spectrum (CDCl 3 ) 5 ppm: 
0.93 (3H ? triplet, J = 7 Hz); 
1.0-2.1 (4H, multiplet); 
1.23 (9H, singlet); 
5 2.79 (2H, triplet, J = 7 Hz); 

5.38 (2H, singlet); 
7.1 -8.0(1 1H, multiplet); 
8.3- 8.7 (2H, multiplet). 

10 12(b) Htf'-t-Butoxycarbonylbiphenyl^ 

50.5 mg of sodium borohydride were added to a solution of 691 mg of 4-benzoyl-H(2'-t-butoxycar- 
bonylbiphenyl-4-yl)methyl}-2-butyl-5-cyanoimidazole [prepared as described in step (a) above] in 10 ml of 
ethanol, and the resulting mixture was stirred at room temperature for 1 hour. The reaction mixture was then 
15 neutralized with aqueous hydrochloric acid, after which it was mixed with ethyl acetate and with a saturated 
aqueous solution of sodium chloride. The ethyl acetate layer was separated, dried over anhydrous magnesium 
sulphate and concentrated by evaporation under reduced pressure. The residue was purified by column 
chromatography through silica gel, using a 1 : 1 by volume mixture of hexane and ethyl acetate as the eluent, 
to give 589 mg of the title compound as a colourless amorphous solid. 
20 Nuclear Magnetic Resonance Spectrum (CDCf 3 ) 5 ppm: 
0.89 (3H, triplet, J = 7 Hz); 
1.0 - 2.0 (4H, multiplet); 

2.68 (2H, triplet, J = 7 Hz); 
5.18 (2H, singlet); 

25 5.89 (1H, singlet); 

7.0- 8.0 (13H, multiplet). 

1 2(c) 2-Butyl-1 -[(2'-carboxybiphenyl-4-yl)meth^ 

30 A solution of 589 mg of H(2'-t-butoxycaroonylbiphenyl-4-yl)methylJ-2-butyl-5-cyano-4-(a-hydroxyben- 

zyl)imidazole [prepared as described in step (b) above] in 20 ml of a 4 N solution of hydrogen chloride in dioxane 
was allowed to stand at room temperature overnight and then concentrated by evaporation under reduced 
pressure. The residue was triturated in hexane and collected by filtration to give 493 mg of the hydrochloride 
of the title compound as a colourless powder, melting at 95 - 97°C (with softening). 
55 Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 5 ppm; 
0.88 (3H, triplet, J = 7 Hz); 
1.0- 2.0 (4H, multiplet); 
3.00 (2H, triplet, J = 7 Hz); 
5.47 (2H, singlet); 
40 6.09 (1H, singlet); 

7.0- 8.0 (13H, multiplet). 

1 2(d) 2-Butyl-1-[(2'-carboxybiphenyl^y1)me^ acid 

45 A mixture of 450 mg of 2-butyl-1 -[(2'-cart)oxybiphenyl-4-yl)memyl]-5-cyano-4-(a-hydroxybenzyl)imidazole 

hydrochloride [prepared as described in step (c) above] and 20 ml of a 1 N aqueous solution of sodium hydroxide 
was stirred in an oil bath kept at 100°C for 7 hours. At the end of this time, the reaction mixture was cooled, 
and its pH was adjusted to a value of 3 to 4 by the addition of hydrochloric acid. The resulting colourless pre- 
cipitate was collected by filtration, washed with water and dried to give 331 mg of the title compound as a col- 
50 ouriess powder, melting at 192 - 194°C. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 8 ppm: 
0.80 (3H, triplet, J = 7 Hz); 
1.0 - 2.0 (4H, multiplet); 

2.69 (2H, triplet, J = 7 Hz); 
55 5.69 (2H, singlet); 

6.32 (1H, singlet); 
6.9-7.9 (13H, multiplet). 
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EXAMPLE 13 

Ethyl 1HK2'-t-butoxycarbonylbiphenyl^yl)^ 
ate (Compound No. 1-118) 

5 

Following a procedure similar to that described in Example 1(a), but using 0.92 g of ethyl 2-butyl-4-(1 -hyd- 
roxy- 1 -methyl ethyf)im id azole-5-carboxy late (prepared as described in Preparation 8) and 1.28 g of t-butyl 4'- 
bromomethylbiphenyl-2-carboxylate, 1.23 g of the title compound were obtained as crystals, melting at 92 - 
93°C. 

10 Nuclear Magnetic Resonance Spectrum (CDCl 3 ) 5 ppm: 
0.90 (3H, triplet, J = 7 Hz); 

1.23 (3H, triplet, J = 7 Hz); 
1.26 (9H, singlet); 
1,2-2.05 (4H, multiplet); 

15 1.65 (6H, singlet); 

2.69 (2H, triplet, J = 7 Hz); 

4.24 (2H, quartet, J = 7 Hz); 
5.52 (2H, singlet); 

5.73 (1H, singlet); 
20 6.88 - 7.9 (8H, multiplet). 

EXAMPLE 14 

Ethyl 2-butyl-1-[(2'-carboxybiphenyl-4-y1)m^ (Com- 
25 pound No. 1-32) 

Following a procedure similar to that described in Example 7, but using 0.50 g of ethyl 1-[(2'-t-butoxycar- 
bonylbiphenyl^yl)memy1^2-buty»-4-(1-hydroxy-1-m (prepared as des- 

cribed in Example 13) and a 4 N solution of hydrogen chloride in dioxane, 0.45 g of the hydrochloride of the 
30 title compound was obtained as an amorphous powder, melting at above 80°C (with softening). 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 8 ppm: 
0.82 (3H, triplet, J = 7 Hz); 
1.14 (3H, triplet, J = 7 Hz); 
1.2-1.35 (2H, multiplet); 
35 1.41 - 1.55 (2H, multiplet); 

1.60 (6H, singlet); 
3.00 (2H, triplet, J = 7 Hz); 
4.21 (2H, quartet, J = 7 Hz); 
5.63 (2H, singlet); 
40 7.14 - 7.75 (8H, multiplet). 

EXAMPLE 15 

Ethyl H(2'-t-butoxycarbonytbiphenyl^yl)meth^^ 
45 ate (Compound No. 1-119) 

Following a procedure similar to that described in Example 1(a), but using 0.845 g of ethyl 4-(1-hydroxy- 
1-methylethyl)-2-propylimidazole-5-carboxylate (prepared as described in Preparation 9) and 1.22 g of t-butyl 
4'-bromomethylbiphenyl-2-carboxyiate, 1.31 g of the title compound were obtained as a gum. This compound 
so was allowed to stand at room temperature, which caused it to crystallize. It was then recrystailized from a mixt- 
ure of diisopropyl ether and hexane, to give pure title compound, melting at 90 - 91 °C. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 ) 6 ppm: 
0.97 (3H, triplet, J = 7 Hz); 
1.23 (3H, triplet, J = 7 Hz); 
55 1.25 (9H, singlet); 

1.60 (6H, singlet); 

1.82 (2H. sextet, J = 7 Hz); 

2.67 (2H, triplet. J = 7 Hz); 
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4.24 (2H ? quartet, J = 7 Hz); 

5.51 (2H, singlet); 

5.72 (1H, singlet); 

6.87 - 7.85 (8H, multiplet). 

EXAMPLE 16 

Ethyl 1-[(2'^nboxybiphenyl^yl)methyl (Com- 
pound No. 1-50) 

Following a procedure similar to that described in Example 7, but using 0.80 g of ethyl H(2'-t-butoxycar- 
bonylbiphenyl^yl)memyI]^1-hydroxy-1-mem^ (prepared as des- 

cribed in Example 15) and a 4 N solution of hydrogen chloride in dioxane, 0.67 g of the hydrochloride of the 
title compound was obtained as an amorphous powder. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 5 ppm: 
0.88 (3H f triplet, J = 7 Hz); 
1.14 (3H, triplet, J = 7 Hz); 
1.50-1.65 (2H, multiplet); 
1.60 (6H, singlet); 
3.00 (2H, triplet, J = 7 Hz); 
4.20 (2H. quartet, J = 7 Hz); 
5.63 (2H, singlet); 
7.13-7.75 (8H, multiplet). 

EXAMPLE 17 

1 ~[(2'-Carboxyb ip heny M-yl)methyl]-4-( 1 -hyd roxy- 1 -methylethyl)-2-propylimidazole-5-carboxyl ic acid (Com- 
pound No. 1-49) 

A solution of 0.20 g of ethyl 1-[(2'-carboxybiphenyl-4-yl)methyl]-4-(1-hydroxy-1 -methyl ethyl)-2-propylimi- 
dazole-5-carboxylate hydrochloride (prepared as described in Example 16) in an aqueous solution of 84 mg 
of lithium hydroxide monohydrate in 5 ml of water was stirred at room temperature for 6 hours. At the end of 
this time, 2 ml of 1 N aqueous hydrochloric acid were added dropwise to the reaction mixture, and the resulting 
precipitate was collected by filtration, to give 0. 1 7 g of the title compound, melting at 1 76 - 1 79°C (with decom- 
position). 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 6 ppm: 
0.88 (3H, triplet, J = 7 Hz); 
1.5- 1.65 (2H, multiplet); 
1.56 (6H, singlet); 
2.66 (2H, triplet, J = 7 Hz); 
5.69 (2H. singlet); 
7.03 - 7.72 (8H, multiplet). 

EXAMPLE 18 

Ethyl 4-(1-hydroxy-1-methylemvl)-2-propyM 
ate (Compound No. 2-7) 

18(a) Ethyl 4-(1-hydroxy-1-methylemy1)-2-propyl^ 
carboxylate 

48 mg of sodium hydride (as a 55% w/w dispersion in mineral oil) were added to a solution of 0.26 g of 
ethyl 4-(1-hydroxy-1-methylethyl)-2-propylimidazole-5-carboxylate (prepared as described in Preparation 9) in 
5 ml of N,N-dimethyfformamide f and the resulting mixture was stirred at room temperature for 30 minutes. A 
solution of 0.72 g of 4-[2-(trityltetrazol-5-yl)phenyI]benzyl bromide in 5 ml of N,N-dimethylformamide was then 
added, and the reaction mixture was stirred at room temperature for 2 hours and then at 60°C for 4 hours. At 
the end of this time, it was dissolved in ethyl acetate and the solution was washed three times with water. The 
solution was then dried over anhydrous sodium sulphate, after which it was freed from the solvent by distillation. 
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The residue was purified by column chromatography through silica gel, using a 1 : 1 by volume mixture of 
hexane and ethyl acetate as the eluent, to give 0.62 g of the title compound as an amorphous solid. This was 
crystallized from diisopropyl ether, to give the title compound as crystals, melting at 167 - 168°C (with decom- 
position). 

5 Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 8 ppm: 
0.88 (3H, triplet, J = 7 Hz); 

1.08 (3H, triplet, J = 7 Hz); 
1.5-1.8 (2H, multiplet); 
1.64 (6H, singlet); 

10 2.52 (2H, triplet, J = 8 Hz); 

4.12 (2H, quartet, J = 7 Hz); 

5.38 (2H, singlet); 

5.78 (1H, singlet); 

6.7 - 7.6 (22H, multiplet); 
1$ 7.8-8.1 (1H, multiplet). 

18(b) Ethyl 4-(1-hydroxy-1-methylethyl)-2-propyl-H^ 
boxylate 

20 A solution of 0.50 g of ethyl 4-(1-hydroxy-1-methylethy1)-2-pro 

nyl}methylimidazole-5-carboxylate [prepared as described in Example 1 8(a)] dissolved in 5 ml of a 4 N solution 
of hydrogen chloride in dioxane was allowed to stand overnight at room temperature, after which the reaction 
mixture was concentrated by evaporation under reduced pressure. The resulting residue was triturated with 
diisopropyl ether and then washed with diisopropyl ether, to give 0.34 g of the hydrochloride of the title com- 
25 pound, melting at 1 00 - 1 03°C. 

Nuclear Magnetic Resonance Spectrum (CD 3 OD) 8 ppm: 
0.97 (3H, triplet, J = 7 Hz); 
1.24 (3H, triplet, J = 7 Hz); 
1.50-1.65 (2H, multiplet); 
30 1.70 (6H, singlet); 

3.00 (2H, triplet, J = 8 Hz); 
4.30 (2H, quartet. J = 7 Hz); 
5.70 (2H, singlet); 

6.9 - 7.8 (8H, multiplet). 

35 

EXAMPLE 19 

4-(1-Hydroxy-1-methylethyl)-2-propyl-1^ acid 
(Compound No. 2-1) 

40 

3.65 ml of a 1 N aqueous solution of sodium hydroxide were added to a solution of 0.31 g of ethyl 4-(1-hydroxy- 
1-methy1ethy1)-2-propyl-1-{4-C2-(tete hydrochloride [prep- 

ared as described in Example 18(b)] in 6 ml of methanol, and the resulting mixture was allowed to stand over- 
night at room temperature. At the end of this time, the reaction mixture was concentrated by evaporation under 
45 reduced pressure to remove the methanol. The concentrate was diluted with water and its pH was adjusted to 
a value of 3 by the addition of dilute hydrochloric acid, after which it was extracted with ethyl acetate. The organic 
extract was dried over anhydrous sodium sulphate and then concentrated by evaporation under reduced press- 
ure. The resulting residue was triturated with diisopropyl ether, to give 0.15 g of the title compound, melting at 
166-169°C. 

50 Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 5 ppm: 

0.85 (3H, triplet, J = 7.5 Hz); 

1.54 (6H, singlet); 

1.4-1.6 (2H, multiplet); 

2.58 (2H, triplet, J = 8 Hz); 
55 5.64 (2H, singlet); 

6.94 (2H, doublet, J = 8.5 Hz); 

7.06 (2H, doublet, J = 8.5 Hz); 

7.5 - 7.7 (4H, multiplet). 
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EXAMPLE 20 

Pivaloyloxymethyl 4-(1 -hydroxy-1 -methylethyl)-2-propyl-1 -{4-[2-(tetrazol-5-yl)phenyl]phenyl}methylimidazole- 
5-carboxylate (Compound No. 2-15) 

5 

20(a) Pivaloyloxymethyl 4-(1 -hydroxy-1 -methylethyl)-2~propyl-1-{4-[2-(trityltetrazol-5-yl)phenyllphe- 
nyl}methy1imidazole-5-carboxylate 

5.30 ml of a 1 N aqueous solution of sodium hydroxide, followed by 5 ml of tetrahydrofuran, were added 
10 to a solution of 0.76 g of ethyl 4^1-hydroxy-1-methylethyl)-2-prop^ 

nyl}methylimidazole-5-carboxylate [prepared as described in Example 18(a)] in 30 ml of methanol, and the 
resulting mixture was stirred at room temperature for 8 hours. The reaction mixture was then concentrated by 
evaporation under reduced pressure to remove the methanol and tetrahydrofuran. Water was added to the con- 
centrate, and the pH of the mixture was adjusted to a value of 4 by the addition of dilute hydrochloric acid, whilst 
15 ice-cooling. The mixture was then extracted with ethyl acetate. The extract was dried over anhydrous sodium 
sulphate and concentrated by evaporation to dryness. The residue was dissolved in 10 ml of 
dimethylacetamide, and 0.23 g of potassium carbonate and 0.13 ml of pivaloyloxymethyl chloride were added 
to the resulting solution. The mixture was then stirred at 50°C for 4 hours, after which 0.06 ml of 
pivaioyloxymethyl chloride was added, and the mixture was stirred for a further 2 hours. The reaction mixture 
20 was then diluted with ethyl acetate, and washed three times with water. The organic layer was separated, dried 
over anhydrous sodium sulphate and concentrated by evaporation under reduced pressure. The concentrate 
, was purified by column chromatography through silica gel, using a 1 : 1 by volume mixture of hexane and ethyl 
acetate as the eluent, to give 0.23 g of the title compound as an amorphous solid. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 ) 8 ppm: 
25 0.86 (3H, triplet, J = 7 Hz); 

1.12 (9H, singlet); 
1.62 (6H, singlet); 
1.4-1.9 (2H, multiplet); 
2.51 (2H, triplet, J = 7 Hz); 
30 5.37 (1H, broad singlet); 

5.40 (2H, singlet); 
5.72 (2H, singlet); 
6.6-8.1 (23H, multiplet). 

35 20(b) Pivaloyloxymethyl 4-(1 -hydroxy-1 -methylethyl)-2-propyl-1-{4-[2-(tetrazol-5-yl)phenyl]phenyl)methylimi- 
dazole-5-carboxylate 

5 ml of a 4 N solution of hydrogen chloride in dioxane were added to 0.20 g of pivaloyloxymethyl 4-(1 -hyd- 
roxy- 1-methylethyl)-2-propyl-1-{4-[2-{trityltetrazol-5-yl) pheny1]phenyl}methylimidazoie-5-carboxylate [prep- 

40 ared as described in Example 20(a)], and the resulting mixture was allowed to stand at room temperature 
overnight At the end of this time, the reaction mixture was concentrated to dryness by evaporation under 
reduced pressure. The resulting residue was triturated with diisopropyl ether to induce crystallization and give 
0.13 g of the hydrochloride of the title compound as crystals, melting at 104 - 107°C. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 5 ppm: 

45 0.84 (3H, triplet, J = 7.5 Hz); 

1.09 (9H, singlet); 

1.35 - 1.50 (2H, multiplet); 
1.56 (6H, singlet); 
2.88 (2H, triplet, J = 8 Hz); 
so 5.58 (2H, singlet); 

5.85 (2H, singlet); 

7.05 (2H, doublet, J = 8.5 Hz); 

7.10 (2H, doublet, J = 8.5 Hz); 
7.5 - 7.7 (4H, multiplet). 
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EXAMPLE 21 

2-Butyl-4-(1-ethyM-hydroxypropyl)-1-{4-[2-(te^ acid 
(Compound No. 2-40) 

5 

21(a) Ethyl 2-butyi-4^1 -ethyl- 1 -hydroxy propyl^ 
carboxylate 

Following a procedure similar to that described in Example 18(a), but using 0.75 g of ethyl 2-butyl-4-(1-et- 
10 hyl-1-hydroxypropyl)imidazole-5-carboxylate (prepared as described in Preparation 13), 0.12 g of sodium hyd- 
ride (as a 55% w/w dispersion in mineral oil) and 1.51 g of 4-[2-(trityltetrazol-5Kyl)phenyl]benzyl bromide, there 
were obtained 1.05 g of the title compound as an amorphous solid. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 ) a ppm: 
0.83 (6H, triplet, J = 7.5 Hz); 
15 0.85 (3H, triplet, J = 6 Hz); 

1.11 (3H, triplet, J = 7 Hz); 
1.23 - 1.32 (2H, multiplet); 
1.56-1.65 (2H, multiplet); 
1.80 - 1.89 (2H, multiplet); 

20 2.03 - 2.14 (2H, multiplet); 

2.55 (2H, triplet, J = 8 Hz); 

4.12 (2H, quartet, J = 7.5 Hz); 
5.37 (2H, singlet); 

5.64 (1H, broad singlet); 
25 6.70 (2H, doublet, J = 8.5 Hz); 

6.9 - 7.0 (6H, multiplet); 

7.10 (2H, doublet, J = 8.5 Hz); 
7.2-7.4 (10H, multiplet); 
7.4-7.5 (2H, multiplet); 

30 7.85 - 7.90 (1 H, multiplet). 

21(b) 2-Butyl-4-(1^thyl-1-hydroxypropyl)^^ 
acid 

35 1.71 ml of 1 N aqueous hydrochloric acid were added to a solution of 0.65 g of ethyl 2-buty!-4-(1-ethyl-1- 

hydroxypropyl)-1 -{4-[2-(m'tyltetrazol-5-yl)phenyl]phenyl}methylimidazole-5K»rooxylate [prepared as des- 
cribed in step (a) above] in 10 ml of methanol, and the resulting mixture was allowed to stand overnight at room 
temperature. At the end of this time, the solvent was removed by distillation under reduced pressure, and the 
concentrate was again dissolved in 1 0 ml of methanol. The resulting solution was mixed with 4.28 ml of a 1 N 
40 aqueous solution of sodium hydroxide and then allowed to stand overnight at room temperature. The reaction 
mixture was then concentrated by evaporation under reduced pressure to remove the methanol. The pH of the 
concentrate was adjusted to a value of 3 by the addition of dilute aqueous hydrochloric acid, and the crystals 
which precipitated were collected by filtration. The crystals thus obtained were suspended in diisopropyl ether 
and then again collected by filtration and dried to give 0.35 g of the tide compound, melting at 181 - 183°C. 
45 Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulph oxide) S ppm: 
0.74 (6H, triplet. J = 7.5 Hz); 
0.79 (3H, triplet, J = 7.5 Hz); 
1.1 -1.3 (2H, multiplet); 
1.40-1.55 (2H, multiplet); 
50 1 .67 - 1 .80 (2H, multiplet); 

1.90 - 2.05 (2H, multiplet); 
2.59 (2H, triplet, J = 7.5 Hz); 
5.67 (2H, singlet); 
6.88 (2H, doublet, J = 8.5 Hz); 
55 7.05 (2H, doublet, J = 8.5 Hz); 

7.5 - 7.7 (4H, multiplet). 
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EXAMPLE 22 

2-Butyl^(1-hydroxy-1-methylettylH acid 
(Compound No. 2-2) 

22(a) Ethyl 2-butyl-4-(1-hydroxy-1-methylefo^ 
carboxyiate 

Following a procedure similar to that described in Example 18(a), but using 0.26 g of ethyl 2-butyl-4-(1- 
hydroxy-1-methylethyl)imidazole-5-carboxylate (prepared as described in Preparation 8), 45.5 mg of sodium 
hydride (as a 55% w/w dispersion in mineral oil) and 0.63 g of 4*[2-(trityltetrazol-5-yl)phenyl]benzyl bromide, 
0.28 g of the title compound were obtained as an oil. 
Nuclear Magnetic Resonance Spectrum (CDC13) 5 ppm: 

0.85 (3H, triplet. J = 7 Hz); 

1.09 (3H, triplet, J = 7 Hz); 

1.64 (6H, singlet); 

1.3- 1.8 (4H, muitiplet); 
2.56 (2H, triplet, J = 8 Hz); 
4.14 (2H, quartet, J = 7 Hz); 
5.38 (2H, singlet); 

5.78 (1H, singlet); 

6.6- 7.6 (22H, muitiplet); 

7.7- 8.1 (1H, muitiplet). 

22(b) 2-Butyl-^(1-hydroxy-1-methylemyl)-1-{4-^ 
acid 

Following a procedure similar to that described in Example 21 (b), 78 mg of the title compound, melting at 
1 38 - 141°C, were obtained by treating 0.28 g of ethyl 2-butyl-4-(1-hydroxy-1 -methyl ethyl)- 1-{4-[2-(trityltetrazol- 
5-yl)phenyl)phenyl)m ethyl imidazole- 5-carboxylate [prepared as described in step (a) above] with 0.42 ml of 1 
N aqueous hydrochloric acid and then treating the product with 1.70 ml of a 1 N aqueous solution of sodium 
hydroxide. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 6 ppm: 
0.81 (3H, triplet, J = 7.5 Hz); 
1.15- 1.35 (2H, muitiplet); 

1.4- 1.6 (2H, muitiplet); 
1.53 (6H, singlet); 

2.58 (2H, triplet, J = 8.5 Hz); 
5.64 (2H, singlet); 
6.94 (2H, doublet, J = 8.5 Hz); 
7.06 (2H, doublet, J = 8.5 Hz); 
7.15- 7.70 (4H, muitiplet). 

EXAMPLE 23 

2-Butyl-4-(1-hydroxy-1-methylpropyl)-1-{^^ acid 
(Compound No. 2-38) 

23(a) 2-Butyl-5-cyano-4-(1-hydroxy-1 -methylpropyl)-1 -{4-[2-(trityltetrazol-5-yl)phenyl]phenyl}methyl imidazole 

Following a procedure similar to that described in Example 18(a), but using 465 mg of 2-butyl-5-cyano-4- 
(1-hydroxy-1-methylpropyl)imidazole (prepared as described in Preparation 19), 92 mg of sodium hydride (as 
a 55% w/w dispersion in mineral oil) and 1.11 g of 4-[2-(trityltetrazol-5-yl)phenyl]benzyl bromide, 1.00 g of the 
title compound was obtained as a gum. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 ) 6 ppm: 

0.86 (3H, triplet, J = 7.5 Hz); 

0.87 (3H, triplet, J = 7 Hz); 

1.21 - 1.34 (2H, muitiplet); 
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1.54- 1.66 (2H, multiplet); 
1.60 (3H, singlet); 
1.82- 1.97 (2H, multiplet); 
2.51 (2H, triplet J = 7.5 Hz); 

5 3.22 (1H, singlet); 

5.04 (2H, singlet); 

6.87 - 7.52 (22H, multiplet); 

7.93-7.96 (1H, multiplet). 

10 23(b) 2-Butyl-5-cyano-4-(1-hydroxy-1-methylpro^ 

A mixture of 1.00 g of 2-butyi-5-cyano-4-<1-hydroxy-1 -methyl propyl)-1-{4-[2-(trityltetrazol-5-yl)phenyl]phe- 
nyl}methylimidazole [prepared as described in step (a) above] and 25 ml of 20% v/v aqueous acetic acid was 
stirred at 60°C for 2 hours, and then the solvent was removed by distillation under reduced pressure. The resi- 
ts dual water and acetic acid were removed as a toluene azeotrope by distillation under reduced pressure, and 
the resulting residue was purified by column chromatography through silica gel, using mixtures of methanol 
and methylene chloride ranging from 1 : 9 to 1 : 4 by volume as the etuent to give 0.65 g of the title compound 
as a glass. 

Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 8 ppm: 
20 0.83 (3H, triplet, J = 7 Hz); 

0.88 (3H, triplet, J = 7 Hz); 
1.23- 1.37 (2H, multiplet); 
1.57 (3H, singlet); 

1.55- 1.70 (2H, multiplet); 
25 1 .82 - 1 .89 (2H, multiplet); 

2.64 (2H, triplet J = 7 Hz); 
5.12 (2H, singlet); 
6.9 - 7.1 (4H, multiplet); 
7.29 - 7.60 (3H, multiplet); 
30 7.87 (1 H, doublet J = 7.5 Hz). 

23(c) 2-Butyt^(1-hydroxy-1-methylpropyl)-H4^ 
acid 

35 A mixture of 360 mg of 2-buty»-5-cyano-4-(1-hydroxy-1 -methyl propyl)-1-{4-[2-(tetrazol-5-yl)phenyi]phe- 

nyl}methylimidazole [prepared as described in step (b) above], 266 mg of lithium hydroxide monohydrate and 
3.6 ml of water was stirred in an oil bath kept at 1 15°C for 16 hours. At the end of this time, the reaction mixture 
was cooled and 6.4 ml of 1 N aqueous hydrochloric acid were added to the mixture, whilst ice-cooling. The 
crystals which precipitated were collected by filtration, to give 302 mg of the title compound, melting at 152 - 

40 154°C; 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 5 ppm: 

0.79 (3H, triplet J ■ 7 Hz); 

0.82 (3H, triplet J = 7 Hz); 

1.20 1.34 (2H, multiplet); 
45 1 .44 - 1 .55 (2H, multiplet); 

1.55 (3H, singlet); 

1.71 - 1.95 (2H f multiplet); 

2.62 (2H, triplet J = 7.5 Hz); 

5.68 (2H, AB-quartet, A5=0.10 ppm, J = 17 Hz); 
so 6.86 - 7.1 0 <4H, multiplet); 

7.53 - 7.72 (4H, multiplet). 
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EXAMPLE 24 

4-(1-Hydroxy-1^ethylpropyl)-2-propyl-H^ 
acid (Compound No. 2-37) 

24(a) S-Cyano^(1-hydroxy-1-methylprop^ 
dazole 

Following a procedure similar to that described in Example 18(a), but using 380 mg of 5-cyano-4-(1-hyd- 
roxy-1 -methyl propyl)-2-propyl imidazole (prepared as described in Preparation 20), 88 mg of sodium hydride 
(as a 55% w/w dispersion in mineral oil) and 1.07 g of 4-[2-(trityltetrazol-5-yl)phenyl]benzyl bromide, 0.97 g of 
the title compound were obtained as an amorphous solid. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 8 ppm: 

0.86 (3H, triplet, J = 8 Hz); 

0.87 (3H, triplet, J = 7.5 Hz); 

1.60 (3H, singlet); 

1 .60 - 1 .75 (2H, multiplet); 

1.80 - 2.00 (2H, multiplet); 

2.48 (2H, triplet, J = 8 Hz); 

5.04 (2H, singlet); 

6.88 (2H, doublet, J = 8.5 Hz); 

6.9 - 7.0 (4H, multiplet); 

7.14 (2H, doublet, J = 8.5 Hz); 

7.2 - 7.4 (14H, multiplet); 
7.45- 7.55 (1H, multiplet). 

24(b) 5-Cyano-4-(1-hydroxy-1-methylpropyl)-2-propyM 

Following a procedure similar to that described in Example 23(b), 0.32 g of the title compound were 
obtained as crystals, melting at 141 - 145°C, by treating 0.51 g of 5-cyano-4-(1-hydroxy-1 -methyl propyls-pro- 
pyl. i-{4-[2-(trityltetrazol-5-yl)phenyl]phenyl}methyl imidazole [prepared as described in step (a) above] with 
75% v/v aqueous acetic acid. 

Nuclear Magnetic Resonance Spectrum (CD 3 OD) 6 ppm: 
0.84 (3H, triplet, J = 8 Hz); 
0.90 (3H, triplet, J = 8.5 Hz); 
1.52 (3H, singlet); 
1.5-1.7 (2H, multiplet); 

1.75 - 1.90 (2H, multiplet); 
2.65 (2H, triplet, J = 8 Hz); 
5.27 (2H, singlet); 

7.03 (2H, doublet, J = 8.5 Hz); 
7.14 (2H, doublet, J = 8.5 Hz); 
7.45 - 7.63 (4H, multiplet). 

24(c) 4-(1-Hydroxy-1-methylpropyl)-2-propyM 
boxylic acid 

Following a procedure similar to that described in Example 23(c), 0.14 g of the title compound were obtained 
as a powder, melting at 174 - 177°C, by treating 0.19 g of 5-cyano-4-( 1 -hydroxy- 1 -methylpropyl)-2-pro pyi-1 - 
{4-[2-(tetrazol-5-yl)pheny1]phenyl}methylimidazole [prepared as described in step (b) above] with 0.15 g of 
lithium hydroxide monohydrate. 

Nuclear Magnetic Resonance Spectrum (CD 3 OD) 6 ppm: 
0.88 (3H, triplet, J = 7.5 Hz); 
0.94 (3H, triplet, J = 7.5 Hz); 
1.50- 1.65 (2H, multiplet); 
1.63 (3H, singlet); 
1.85 - 2.05 (2H, multiplet); 

2.76 (2H, triplet, J = 7.5 Hz); 
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5.80 (2H, AB-quartet, A5=0.14 ppm, J = 16.5 Hz); 
7.01 (2H, doublet, J = 8.5 Hz); 
7.11 (2H, doublet, J = 8.5 Hz); 
7.48- 7.75 (4H, multiplet). 

5 

EXAMPLE 25 

Pivaloyloxymethyl 1-[(2'-cart)Oxybiphenyi-4-yl)methyl}-4-(1-hydroxy-1-methylethyi)-2-pro 
boxylate (Compound No. 3-1) 

10 

25(a) Ethyl H(2'-t-butoxycarbonylbiphenyl^yl)m^ 
boxylate 

3.00 g of potassium t-butoxide were added, whilst ice-cooling, to a solution of 6 g of ethyl 4-(1-hydroxy-1- 
15 methylethyl)-2-propylimidazole-5-carboxylate (prepared as described in Preparation 9) in 40 ml of N,N-dime- 
thylacetamide, and the resulting mixture was stirred for 10 minutes, after which a solution of 9.00 g of t-butyl 
4'-bromomethylbiphenyl-2-carboxylate in 40 ml of N,N-dimethylacetamide was added. After the reaction mixt- 
ure had been stirred at room temperature for 1 hour and then at 50°C for 2 hours, it was mixed with water and 
extracted with ethyl acetate. The extract was dried over anhydrous magnesium sulphate, and the solvent was 
20 removed by distillation under reduced pressure, after which the residue was purified by column chromatography 
through silica gel, using a 1 : 1 by volume mixture of hexane and ethyl acetate as the eluent, to give 1 1 .6 g of 
the title compound as a solid, softening at above 85°C. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 6 ppm: 
0.97 (3H, triplet, J = 7 Hz); 
25 1.23 (3H, triplet, J = 7 Hz); 

1.25 (9H, singlet); 
1.60 (6H, singlet); 
1.82 (2H, sextet, J = 7 Hz); 
2.67 (2H, triplet, J = 7 Hz); 
30 4.24 (2H, quartet, J = 7 Hz); 

5.51 (2H, singlet); 
5.72 (1H, singlet); 
6.87 - 7.85 (8H, multiplet). 

35 25(b) 1-[(2't-Butoxycarbonylbiphenyl-4-yl)meth^ 
boxylic acid 

A solution of 4.8 g of lithium hydroxide monohydrate in 100 ml of water was added to a solution of 1 1 .6 g 
of ethyl H(2'-t-butoxycaibony1b!pheny^ 
40 [prepared as described in step (a) above] in 60 ml of dioxane, and the resulting mixture was stirred at room 
temperature for 16 hours. The dioxane was removed by distillation under reduced pressure, and then the con- 
centrate was mixed with ice-water and with ethyl acetate, after which 1 14 ml of 1 N aqueous hydrochloric acid 
were added. The ethyl acetate layer was separated, dried over anhydrous magnesium sulphate and freed from 
the solvent by distillation under reduced pressure. The crystalline residue was triturated in diisopropyl ether 
45 and collected by filtration to give 9.09 g of the title compound, melting at 1 55 - 1 57°C. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 ) 5 ppm: 
0.85 (3H, triplet, J = 7.5 Hz); 
1.23 (9H, singlet); 
1.53- 1.65 (2H, multiplet); 
so 1.65 (6H, singlet); 

2.91 (3H, triplet, J = 7.5 Hz); 
5.90 (2H, singlet); 
7.09 (2H, doublet, J = 8 Hz); 
7.21 - 7.48 (5H, multiplet); 
55 7.75 (1 H, doublet, J = 9 Hz). 
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25(c) Pivaloyloxymethyl H(2'-t-butoxycart>onylbiphe^^ 
imidazote-5-carboxylate 

2.13 ml of chloromethyl pivalate and 3.99 g of potassium carbonate were added to a solution of 6 g of 1- 
P'-t-butoxycaifconylbiphenyl^yl^ a cid 
[prepared as described in step (b) above] in 70 ml of N,N-dimethylacetamide, and the resulting mixture was 
stirred at room temperature for 1 hour and then at 50°C for 2 hours. At the end of this time, the reaction mixture 
was mixed with ethyl acetate and water. The ethyi acetate layer was separated and dried over anhydrous mag- 
nesium sulphate, after which the solvent was removed by distillation under reduced pressure. The resulting 
residue was purified by column chromatography through silica gel, using a 1 : 1 by volume mixture of ethyl ace- 
tate and hexane as the eluent, to give 6.80 g of the title compound as crystals, melting at 106 - 107°C. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 8 ppm: 

1.07 (3H, triplet, J = 7 Hz); 

1.25 (9H, singlet); 

1.32 (9H, singlet); 
1.71 (6H, singlet); 

1.79- 1.90 (2H, multiplet); 
2.75 (2H, triplet, J = 8 Hz); 
5.50 (1H, singlet); 
5.59 (2H, singlet); 
5.92 (2H, singlet); 
7.05 (2H, doublet, J = 8 Hz); 
7.34 - 7.56 (5H, multiplet); 
7.85 (1H, doublet, J = 7 Hz). 

25(d) Pivaloyloxymethyl 1-[(2'-carboxybiphenyl-4-yl)methyl]^ 
5-carboxylate 

A mixture of 6.6 g of pivaloyloxymethyl 1-[(2'-t-butoxycarbonyl biphenyl-4-yl)methyl]-4-(1-hydroxy-1-methy- 
lethyl)-2-propylimidazole-5-carboxylatB [prepared as described in step (c) above] and 57 ml of a 4 N solution 
of hydrogen chloride in dioxane was stirred at room temperature for 4 hours. At the end of this time, the reaction 
mixture was concentrated by evaporation under reduced pressure, and the residue was triturated with ethyl 
acetate to crystallize it, giving 6.52 g of the title compound as the hydrochloride, melting at 170 - 173°C. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 8 ppm: 

0.87 (3H, triplet, J = 7 Hz); 

1.10 (9H, singlet); 

1.45-1.60 (2H, multiplet); 

1.58 (6H, singlet); 

2.96 (2H, triplet, J = 7.5 Hz); 

5.65 (2H, singlet); 

5.87 (2H, singlet); 

7.17 (2H, doublet, J = 8 Hz); 

7.33 (2H, doublet, J = 8 Hz); 
7.43 - 7.60 (3H, multiplet); 
7.74 (1 H, doublet, J = 8 Hz). 

EXAMPLE 26 

Isopropoxycarbonyloxymethyl H(2 , -carboxybiphenyl-4-yl)methyl]^(1-hydroxy-1-methylethyl)-2-propylimi- 
dazole-5-carboxylate (Compound No. 3-13) 

26(a) Isopropoxycarbonyloxymethyl H(2 , -t-butoxycarbonylbiphenyl-4>yl)methyl]-4-(1-hydroxy-1-methylet- 
hyl)-2-propyl imidazole-5-carboxylate 

Following a procedure similar to that described in Example 25(c), 0.58 g of the title compound was obtained 
as crystals, melting at 85 - 87°C, by stirring a mixture comprising 0.50 g of 1-[(2'-t-butoxycarbonylbiphenyl-4- 
yl)methyl]-4-(1 -hydroxy-1 -methylethyl)-2-propylimidazole-5-carboxylic acid [prepared as described in Example 
25(b)], 0.19 g of isopropoxycarbonyloxymethyl chloride and 0.33 g of potassium carbonate in 6 ml of N,N-di- 
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methylacetamide at room temperature for 3 hours. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 ) 6 ppm: 

0.99 (3H, triplet, J = 7 Hz); 

1.23 (9H f singlet); 

1.29 (6H, doublet, J = 6 Hz); 

1.63 (6H, singlet); 

1.70- 1.85 (2H V multiplet); 

2.68 (2H f triplet, J = 8 Hz); 

4.89 (1H, quintet, J = 6 Hz); 

5.38 (1H, singlet); 

5.51 (2H f singlet); 
5.82 (2H, singlet); 

6.97 (2H, doublet, J = 8 Hz); 
7.26 - 7.48 (5H, multiplet); 
7.77 (1 H, doublet, J ■ 8 Hz). 

26(b) Isopropoxycarbonyloxymethyl H(2 y -cart)oxybiphenyl^yl)methyl]-4^1-hydroxy-1^ethylethyl)-2- 
propylimidazole-5-carboxylate 

Following a procedure similar to that described in Example 25(d), 0.36 g of the hydrochloride of the title 
compound was obtained as an amorphous powder, melting at 1 53 - 1 55°G, by treating 0.46 g of isopropoxycar- 
bonyloxymethyl 1-[(2'-t-butoxycarbonylbiphenyl-4-yl)mem 

5-carboxytate [prepared as described in step (a) above] with a 4 N solution of hydrogen chloride in dioxane. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 ) 6 ppm: 

0.98 (3H, triplet, J = 7 Hz); 

1.29 (6H, doublet, J = 6 Hz); 

1.50-1.65 (2H, multiplet); 

1.76 (6H, singlet); 

3.13 (2H, triplet, J = 7 Hz); 

4.90 (1H, quintet, J = 6 Hz); 
5.55 (2H, singlet); 

5.82 (2H, singlet); 
7.02 (2H, doublet, J = 6.5 Hz); 
7.21 - 7.57 (5H, multiplet); 
7.96 (1H, doublet, J = 8 Hz). 

EXAMPLE 27 

Ethoxycarbonyloxymethyl 1-[(2 r -carboxybiphenyl-4-yl)methyll^4-(1-hydroxy-1-methylethyl)-2-propylimf- 
dazole-5-carboxylate (Compound No. 3-9) 

27(a) Ethoxycarbonyloxymethyl 1-[(2 , -t-butoxycarbonylbiphenyl-4-yl)methyl]-4-(1-hydroxy-1-methylethyl)-2- 
propyl imidazol e-5-carboxylate 

Following a procedure similar to that described in Example 25(c), 0.69 g of the title compound was obtained 
as an oil from 0.55 g of 1-[(2'-t-butoxycarbonylbiphenyl-4-yl)m 

dazole-5-carboxylic acid [prepared as described in Example 25(b)], 0.30 g of ethoxycarbonyloxymethyl chloride 

and 0.50 g of potassium carbonate. 

Nuclear Magnetic Resonance Spectrum (CDCf 3 ) 8 ppm: 

0.99 (3H, triplet, J = 7 Hz); 

1.23 (9H, singlet); 

1.29 (3H, triplet, J = 7 Hz); 

1.64 (6H, singlet); 
1.74-1.85 (2H, multiplet); 

2.69 (2H, triplet, J = 7.5 Hz); 
4.21 (2H, quartet, J = 7 Hz); 

5.39 (1H, singlet); 

5.52 (2H, singlet); 
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5.83 (2H, singlet); 

6.97 (2H, doublet, J = 8 Hz); 
7.26 - 7.51 (5H, multiplet); 
7.77 (1H f doublet, J = 6.5 Hz). 

27(b) Ethoxvcarbonvloxymethyl 1-[(2'^arboxybiphenyM-yl)met^ 
dazole-5-carboxylate 

Following a procedure similar to that described in Example 25(d), 0.48 g of the hydrochloride of the title 
compound was obtained as an amorphous powder, softening at above 70°C, by treating 0.69 g of ethoxycar- 
bonyloxymethyl 1-[(2'-t-butoxycarbonylbiphenyl-4-yi)methylH-(1 -hydroxy-1-methylethyl)-2-propylimidazole- 
5-carboxylate [prepared as described in step (a) above] with a 4 N solution of hydrogen chloride in dioxane. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 5 ppm: 

0.88 (3H, triplet, J = 7 Hz); 

1.19 (3H. triplet, J = 7 Hz); 

1.5-1.65 (2H, multiplet); 

1.59 (6H, singlet); 

2.96 (2H, triplet, J = 7.5 Hz); 

4.15 (2H, quartet, J = 7 Hz); 

5.64 (2H, singlet); 

5.84 (2H, singlet); 

7.18 (2H, doublet, J = 8 Hz); 
7.32 - 7.61 (5H, multiplet); 
7.74 (1H, doublet, J = 7 Hz). 

EXAMPLE 28 

1-(lsopropoxycarbonvloxy)ethyl l-[(2'-carboxybiphenyl-4-yl^ 
dazole-5-carboxylate (Compound No. 3-14) 

28(a) 1-(lsopropoxycart)onyloxy)ethyl l4(2--t-butoxycarbonylbiphenyl-4-yl)methyl]-4^( 1-hydroxy-1-methylet- 
hyl)-2-propylimidazole-5-carboxylate 

Following a procedure similar to that described in Example 25(c), 0.60 g of the title compound was obtained 
as a gum by stilling 0.50 g of l-[(2'-t-butoxycarbonylbiphen^^ 

propylimidazole-5-carboxylic acid [prepared as described in Example 25(b)] and 0.21 g of 1-(isopropoxycar- 
bonyloxy)ethyl chloride with a solution of 0.40 g of potassium carbonate in 6 ml of N,N-dimethylacetamide at 
60°Cfor 16 hours. 

Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 5 PPm: 
0.97 (3H, triplet, J = 7.5 Hz); 

1.26 (9H, singlet); 

1.27 (6H, doublet of doublets, J = 4.5 & 6 Hz); 
1.42 (3H, doublet, J = 5.5 Hz); 

1.64 (6H, doublet, J = 3 Hz); 
1 .75 - 1 .80 (2H, multiplet); 

2.65 (2H, doublet, J = 7.5 Hz); 
4.86 (1H, quintet, J = 6 Hz); 
5.50 (2H, singlet); 

6.90 (1 H, quartet. J = 5.5 Hz); 
6.97 (2H, doublet, J = 8.5 Hz); 
7.26 - 7.50 (5H, multiplet); 
7.78 (1 H, doublet, J = 8 Hz). 

28(b) 1 -(Isopropoxycarbonyloxy)ethyl 1 -[(2'-carboxybiphenyl-4-yl)methyl]-4-(1 -hy droxy-1 -methylethyl)-2- 
propyiimidazole-5-carboxylate 

Following a procedure similar to that described in Example 25(d), 0.41 g of the hydrochloride of the title 
compound, melting at 94 - 96°C, was obtained as an amorphous powder by treating 0.60 g of 1-(isopropoxycar- 
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bonyloxy)ethyl 1-[(2'-t-butoxycarbonylbiphenyl^ 

carboxytate [prepared as described in step (a) above] with a 4 N solution of hydrogen chloride in dioxane. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 ) 5 ppm: 

0.94 (3H, triplet, J = 7 Hz); 

1.27 (6H, doublet of doublets, J = 6.5 & 1 1 Hz); 

1 .47 (3H, doublet, J = 5.5 Hz); 

1.50-1.65 (2H, multiplet); 

1 .76 (6H. doublet, J = 8.5 Hz); 

3.08 (2H f broad triplet, J = 8 Hz); 

4.86 (1H, septet J = 6 Hz); 
5.56 (2H, singlet); 

6.87 (1H f quartet, J = 5.5 Hz); 

7.04 (2H, doublet, J = 7.5 Hz); 

7.27 - 7.65 (5H, multiplet); 
7.97 (1H, doublet, J = 8 Hz). 

EXAMPLE 29 

(5-Methyl-2-oxo-1 ,3-dioxolen-4-yl)methyl 1 -[(2'-carpoxybipheny1-4-yl)methyl]-4-(1 -hydroxy-1 -methyl ethyl )-2- 
propylimidazoie-5-carboxylate (Compound No. 3-25) 

29(a) (5-Methyl-2-oxo-1 ,3-dioxolen-4-yl)methyl 1 -[(2 # -t-butoxycarbonylbiphenyl-4-yl)methyl]-4-(1 -hydroxy- 1- 
methy lethy1)-2-propyl imidazole-5-carboxy late 

Following a procedure similar to that described in Example 25(c), 0.65 g of the title compound was obtained 
as a gum from 0.50 g of 1-[(2'-t-butoxycaitonylbiphenyl-^ 

dazole-5-carboxylic acid [prepared as described in Example 25(b)], 0.27 g of (5-methyl-2-oxo-1,3-dioxolen-4- 
yl)methyl bromide and 0.3 g of potassium carbonate in 6 ml of N,N-dimethylacetamide. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 ) 5 ppm: 
0.99 (3H, triplet, J = 6.5 Hz); 

1.28 (9H, singlet); 
1.64 (6H, singlet); 
1.55-1.90 (2H, multiplet); 
2.07 (3H, singlet); 

2.70 (2H, triplet, J = 7 Hz); 

4.90 (2H, singlet); 
5.47 (2H, singlet); 
5.51 (1H, singlet); 

6.91 (2H, doublet, J = 8.5 Hz); 
7.2 - 7.9 (6H, multiplet). 

29(b) (5-Methyl-2-oxo-1 t 3-dioxolen-4-yl)methyl 1-[(2 / -carboxybiphenyl-4-yl)methyl]-4-(1-hydroxy-1-methylet- 
hyl)-2-propylimidazole-5-carboxy1ate 

Following a procedure similar to that described in Example 25(d), 0.54 g of the hydrochloride of the title 
compound was obtained as an amorphous powder, melting at 90 - 93°C, by treating 0.65 g of (5-methyi-2-oxo- 
1,3-dioxolen-4-yl)methyl H(2'-t-butoxycarbony1biphenyl-4-yl)me 

midazole-5-carboxyiate [prepared as described in step (a) above] with a 4 N solution of hydrogen chloride in 
dioxane. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 8 ppm: 
0.88 (3H, triplet, J = 7.5 Hz); 

1.5 - 1.7 (2H, multiplet); 
1.59 (6H, singlet); 
2.11 (3H, singlet); 

3.00 (2H, triplet, J = 7.5 Hz); 

5.13 (2H, singlet); 

5.63 (2H, singlet); 

7.13 (2H, doublet, J = 8 Hz); 
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7.26 - 7.75 (6H, multiplet). 
EXAMPLE 30 

Pivaloyloxymethyl 1-[(2'-cartx)xybiphenyl-4-yl)methyl]-4-(^ 
boxylate (Compound No. 3-1) 

30(a) Pivaloyloxymethyl H(2'-t-butoxycarbonylbiph^ 
dazole-5-carboxylate 

Following a procedure similar to that described in Example 25(a), 0.81 g of the title compound was obtained 
from 500,mg of pivaloyloxymethyl 4-(1 -hydroxy- 1-methylethyl)-2-propylimidazole-5-carboxy late [prepared as 
described in Preparation 22(H)] and 560 mg of t-butyl 4'-bromomemylbiphenyt-2-carboxylate. The melting point 
and Nuclear Magnetic Resonance Spectrum of the product were identical with those of the compound obtained 
as described in Example 25(c). 

30(b) Pivaloyloxymethyl 1-[(2'-carboxybiphenyl^yl)methy^ 
5-carboxyiate 

Following a procedure similar to that described in Example 25(d), 0.45 g of the hydrochloride of the title 
compound was obtained as crystals from 0.5 g of pivaloyloxymethyl 1-[(2'-t-butoxycaroonylbiphenyi-4-yl)me- 
thyl]-4-(1-hydroxy-1-methylethyl)-2-pro^ [prepared as described in step (a) above]. 

The melting point and Nuclear Magnetic Resonance Spectrum of the product were identical with those of the 
compound prepared as described in Example 25(d). 

EXAMPLE 31 

Pivaloyloxymethyl 2-butyl-1-[(2 / -carboxybiphenyl-4-yl)methyl]-4-(1 -hydroxy- 1-methylethyl)imidazole-5-car- 
boxylate (Compound No. 3-27) 

31(a) Methyl 1-[(2 > -t-butoxycarbonylbiphenyl-4-yl)methyl]-2-butyl^-(1-hydroxy-1 -methylethyl)imidazo)e-5- 
carboxyiate 

Following a procedure similar to that described in Example 25(a), 3.54 g of the title compound were 
obtained as a syrup from 2.00 g of methyl 2-butyl-4-(1-hydroxy-1-methylethyl)imidazole-5-carboxylate (prep- 
ared as described in Preparation 21) and 3.03 g of t-butyl 4'-bromomethylbiphenyl-2-carboxyl ate. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 ) 6 ppm: 
0.92 (3H, triplet, J = 7.5 Hz); 

1.25 (9H, singlet); 
1.33-1.46 (2H, multiplet); 
1.64 (6H, singlet); 
1.68-1.78 (2H, multiplet); 
2.70 (2H, triplet, J = 8 Hz); 
3.78 (3H, singlet); 

5.50 (2H, singlet); 
5.70 (1H, singlet); 

6.97 (2H, doublet, J = 8.5 Hz); 

7.26 - 7.33 (3H, multiplet); 
7.37 - 7.54 (2H, multiplet); 
7.76-7.81 (1H, multiplet). 

31(b) 1-[(2'-t-Butoxycaifronylbiphenyl^-yl)meth^ 
acid 

Following a procedure similar to that described in Example 25(b), 2.46 g of the title compound were 
obtained as crystals, melting at 158 - 159°C, by hydrolyzing 3.31 g of methyl 1-[(2'-t-butoxycarbonylbiphenyl- 
4-yl)methyl]-2-butyl-4-(1-hydroxy-lH^emylethyl)imidazole-5-carboxylate [prepared as described in step (a) 
above] with 1 .37 g of lithium hydroxide monohydrate. 
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Nuclear Magnetic Resonance Spectrum (CDC? 3 ) 5 ppm: 
0.84 (3H, triplet, J = 7.5 Hz); 

1.23 (9H, singlet); 
1.25- 1.38 (2H, multiplet); 
1.52 - 1.65 (2H, multiplet); 

1.68 (6H f singlet); 

2.83 (2H, triplet, J = 6.5 Hz); 
5.81 (2H, singlet); 
7.07 (2H, doublet, J = 8.0 Hz); 
7.22 - 7.28 (3H, multiplet); 
7.34 - 7.50 (2H, multiplet); 
7.74 - 7.78 (1H, multiplet). 

31(c) Pivaloyloxymethyl H(2'-t-butoxyrarbonytbiphenyl-^ 
dazole-5-carboxylate 

Following a procedure similar to that described in Example 25(c), 0.48 g of the title compound was obtained 
as a syrup by esterifying 0.40 g of 1-[(2'^-butoxycarbonylbiphenyl-4-yl)methyl]-2-butyl-4-(1-hydroxy-1-methy- 
lethyl)imidazole-5-carboxylic acid [prepared as described in step (b) above] with chloromethyl pivalate and 
potassium carbonate. 

Nuclear Magnetic Resonance Spectrum (CDCf 3 ) 6 ppm: 
0.92 (3H, triplet, J = 7.5 Hz); 
1.17 (9H, singlet); 

1.24 (9H, singlet); 
1.32-1.47 (2H, multiplet); 

1.63 (6H, singlet); 

1.66 - 1.79 (2H, multiplet); 

2.69 (2H, triplet, J = 8 Hz); 
5.41 (1H, singlet); 

5.51 (2H, singlet); 
5.83 (2H, singlet); 
6.97 (2H, doublet, J = 8 Hz); 

7.25 - 7.28 (3H, multiplet); 

7.38 - 7.51 (2H, multiplet); 
7.75- 7.79 (1H, multiplet). 

31(d) Pivaloyloxymethyl 2-butyl-1-[(2'-cart)oxybiphenyl-4-yl)methyl]^(1 -hydroxy- 1-methylethyl)im id azole-5- 
carboxylate 

Following a procedure similar to that described in Example 25(d), 0.45 g of the hydrochloride of the title 
compound was obtained as an amorphous solid, melting at 139 - 144°C (softening at 127°C), by treating 0.48 
g of pivaloyloxymethyl 1-[(2'-t-butoxycarbonylbiphenyl-4-yl)methyl]-2-butyl-4-(1-hydroxy-1-methylethyl)imida- 
zole-5-carboxylate [prepared as described in step (c) above] with a 4 N solution of hydrogen chloride in dioxane. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 5 ppm: 

0.80 (3H, triplet, J = 7.5 Hz); 

1.10 (9H, singlet); 

1.21-1.35 (2H, multiplet); 

1.39 - 1.50 (2H, multiplet); 
1.58 (6H, singlet); 

2.96 (2H, triplet, J = 7.5 Hz); 

5.64 (2H. singlet); 
5.88 (2H, singlet); 

7.17 (2H, doublet, J = 8.5 Hz); 
7.32-7.34 (3H, multiplet); 
7.43- 7.49 (1H, multiplet); 
7.55-7.61 (1H, multiplet); 
7.73-7.75 (1H, multiplet). 
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EXAMPLE 32 

Isopropoxycarbonyloxymethyl 2-butyl-H(2'^rboxybi phenyl^ 
zole-5-carboxylate (Compound No. 3-39) 

32(a) Isopropoxycarbonyloxymethyl 1 4(2'-t-butoxycaifronylbiphenyl^ 
thytethyl)imidazole-5-carboxylate 

Following a procedure similar to that described in Example 25(c), 0.46 g of the title compound was obtained 
as crystals, melting at 91 - 93°C, from 0.40 g of l^-t-butoxycarbonylbiphenyl-^-yl^ethyll^-butyl^l-hyd- 
roxy-1-methylethyl)imida2ole-5-carboxylic acid [prepared as described in Example 31(b)], 0.15 g of isop- 
ropoxycarbonyloxymethyl chloride and 0.31 g of potassium carbonate. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 6 ppm: 

0.92 (3H, triplet, J = 7.5 Hz); 

1.23 (9H, singlet); 

1.29 (6H, doublet, J = 6 Hz); 

1.35- 1.45 (2H, multiplet); 

1.63 (6H, singlet); 

1.65-1.80 (2H, multiplet); 

2.71 (2H, triplet, J = 7.5 Hz); 

4.90 (1 H, septet, J = 6 Hz); 

5.39 (1H, singlet); 

5.51 (2H, singlet); 

5.82 (2H, singlet); 

6.98 (2H, doublet, J = 8 Hz); 

7.25 - 7.30 (3H, multiplet); 

7.35 - 7.52 (2H, multiplet); 

7.75- 7.80 (1H, multiplet). 

32(b) Isopropoxycarbonyloxymethyl 2-butyl-1 -{(2--carboxybiphenyl-4-yl-methyl1-4-(1 -hydroxy- 1 -methylet- 
hy1)imidazole-5-carboxylate 

Following a procedure similar to that described in Example 25(d), 0.39 g of the hydrochloride of the title 
compound was obtained as crystals, melting at 1 54 - 1 56°C, by treating 0.40 g of isopropoxycarbonyloxymethyl 
1-[(2'-t-butoxycaifconylbiphenyl^yl)m^ 

[prepared as described in step (a) above] with a 4 N solution of hydrogen chloride in dioxane. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 5 ppm: 

0.81 (3H, triplet, J = 7.5 Hz); 

1.21 (6H, doublet, J = 6.5 Hz); 

1.23- 1.36 (2H, multiplet); 

1.38-1.52 (2H, multiplet); 

1.59 (6H, singlet); 

2.98 (2H, triplet, J = 6.5 Hz); 

4.79 (1 H, septet, J = 6.5 Hz); 

5.65 (2H, singlet); 

5.85 (2H, singlet); 

7.18 (2H, doublet, J = 8 Hz); 

7.30 -7.38 (3H, multiplet); 

7.42 - 7.62 (2H, multiplet); 

7.74 (1 H, doublet, J = 7.5 Hz). 
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EXAMPLE 33 

(5-Methyl-2-oxo-1,3-dioxolen^y1)methy1 2-buty1-H(2 / -cart30xybiphenyt-^yl)methyl]-4-(1-hydroxy-1-rnethy- 
lethyi)imidazole-5-carboxylate (Compound No. 3-51) 

33(a) (5-Methyl-2-oxo-1 ,3>dioxolen-4-yi)methyl 1-[(2M-butoxycarbonylbiphenyl-4-yl)methyn>2-butyl-4-(1~hyd- 
roxy-1-methy1ethyt)imidazole-5-carboxylate 

Following a procedure similar to that described in Example 25(c), 0.43 g of the title compound was obtained 
as crystals, melting at 1 56 - 1 57°C, from 0.40 g of 1 -[(2'-t-butoxycarbonylbiphenyl-4-yl)methyl]-2Tbutyl-4-(1 -hyd- 
roxy- 1-methyiethyi)imidazole-5-carboxy lie acid [prepared as described in Example 31(b)], 0.22 g of (5-methyl- 
2-oxo-1,3-dioxolen-4-yl)methyl bromide and 0.26 g of potassium carbonate in 5 ml of N ? N-dimethylacetamide. 
Nuclear Magnetic Resonance Spectrum (CDC£ z ) d ppm: 

0.92 (3H, triplet, J = 7.5 Hz); 

1.27 (9H, singlet); 

1.30 - 1.45 (2H, multiplet); 

1.62 (6H, singlet); 
1.65- 1.80 (2H, multiplet); 
2.07 (3H, singlet); 

2.70 (2H, triplet, J = 7.5 Hz); 

4.89 (2H, singlet); 

5.46 (2H, singlet); 

5.55 (1H, singlet); 

6.91 (2H, doublet, J = 8.5 Hz); 

7.26 - 7.50 (5H, multiplet); 

7.76 (1H, doublet, J = 6.5 Hz). 

33(b) (5-Methyl-2-oxo-1 . 3-dioxolen-4-yl)methyl 2-butyl-1 -K2'-carooxybiphenyl-4-yl)methyt]^H1 -hydroxy-1 - 
methylethyl)imidazole-5-carboxylate 

Following a procedure similar to that described in Example 25(d), 0.26 g of the hydrochloride of the title 
compound was obtained as a powder, melting at above 70°C (softening), by treating 0.32 g of (5-methyl-2-oxo- 
1,3-dioxolen-4-yl)methyl 1-[(2'-t-butoxycarbonylbiphenyl-4-yl)methylJ-4-(1 -hydroxy-1 -methylethyljimidazoie- 
5-carboxyiate [prepared as described in step (a) above] with a 4 N solution of hydrogen chloride in dioxane. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl suiphoxide) 5 ppm: 

0.82 (3H, triplet, J = 7 Hz); 

1.20- 1.40 (2H, multiplet); 

1.40 - 1.60 (2H, multiplet); 

1.59 (6H, singlet); 

2.12 (3H, singlet); 

2.98 (2H, triplet, J = 7.5 Hz); 
5.14 (2H, singlet); 

5.63 (2H, singlet); 

7.13 (2H, doublet, J = 7.5 Hz); 
7.30 - 7.60 (5H, multiplet); 
7.74 (1H, doublet, J = 7.5 Hz). 

EXAMPLE 34 

Phthalidyl 1-[(2'-cart>oxybiphenyl-4-yl)methy^ 
(Compound No 3-26) 

34(a) Phtalidyl 1-[(2'-t-butoxycarbonylbip hen yl-4-yl)methyl]-4-(1 -hydroxy-1 -methylethy1)-2-propylimidazole-5- 
carboxyjate 

Following a procedure similar to that described in Example 25(c), 0.62 g of the tide compound was obtained 
as crystals, melting at 144°C. from 0.50 g of 1 -[(2 , -t-butoxycarbonylbiphenyl)methyl]-4-(1 -hydroxy-1 -methylet- 
hyl)-2-propytimidazole-5-carboxyiic acid [prepared as described in Example 25(b)], 0.25 g of 3-bromophthalide 
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and 0.3 g of potassium carbonate in 6 ml of N, N^dimethylacetamide. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 ) § ppm: 

0.97 (3H, triplet, J = 7.5 Hz); 

1.25 (9H, singlet); 

1.62 (6H, singlet); 

1.75 (2H, sextet, J = 7.5 Hz); 

2.66 (2H, triplet, J = 6.5 Hz); 

5.38 (2H, AB-quartet, A8 = 0.10 ppm, J = 17 Hz); 
5.42 (1H, singlet); 

6.69 (2H, doublet, J = 7.5 Hz); 
7.15 (2H, doublet, J = 7.5 Hz); 
7.28-7.89 (9H, multiplet). 

34(b) Phthalidyl 1 -[(2 , -carboxybiphenyl«4-yl)methyl1^4>< 1 -hydroxy-1 -methylethyl)-2-propyl imidazole-5-car- 
boxylate 

Following a procedure similar to that described in Example 25(d), 0.37 g of the hydrochloride of the title 
compound was obtained as an amorphous powder, melting at 142 - 144°C, by treating 0.45 g of phthalidyl 1- 
[(2'-t-butoxycarbonylbiphenyl^yl)methy1}^ 

[prepared as described in step (a) above] with a 4 N solution of hydrogen chloride in dioxane. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 5 ppm: 

0.92 (3H, triplet, J = 7.5 Hz); 

1 .50 - 1 .70 (2H, multiplet); 

1.59 (6H, singlet); 

3.00 (2H, triplet, J = 7.5 Hz); 
5.65 (2H P singlet); 

7.01 (2H, doublet, J ■ 8 Hz); 
7.27 (2H, doublet, J = 8 Hz); 
7.36 - 7.98 (9H, multiplet). 

EXAMPLE 35 

Ethyl 4-hydroxymethyl-2-propyl-1-{4-[2-(tetre^ 
pound No. 4-3) 

35(a) Diethyl 2-propyl-1-{4-[2-(trityltetrazol-5-yl)phenylfr^ 

0.441 g of potassium t-butoxide was added to a solution of 1.00 g of diethyl 2-propylimidazole-4,5-dicar- 
boxylate (prepared as described in Preparation 12) in 1 5 ml of N,N-dimethylacetamide, and the resulting mixture 
was stirred at room temperature for 30 minutes. A solution of 2.19 g of 4-[2-(trityltetrazol-5-y1)phenyl]benzyl 
bromide in 15 ml of N,N-dimethylacetamide was then added dropwise to the reaction mixture at room tempera- 
ture, and the reaction mixture was stirred at room temperature for 3 hours. At the end of this time, it was diluted 
with water and then extracting with ethyl acetate. The extract was dried over anhydrous magnesium sulphate 
and then freed from the solvent by distillation. The residue was purified by column chromatography through 
silica gel, using a 1 : 1 by volume mixture of hexane and ethyl acetate as the eluent, to give 2.24 g of the title 
compound as an amorphous solid. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 5 ppm: 
0.88 (3H, triplet, J = 7.5 Hz); 
1.20 (3H, triplet, J = 7.5 Hz); 

1.39 (3H, triplet, J = 7.5 Hz); 
1.59 (6H, singlet); 

1.61 -1.72(2H, multiplet); 
2.55 (2H, triplet, J = 7.5 Hz); 
4.20 (2H, quartet, J = 7.5 Hz); 
4.39 (2H, quartet, J = 7.5 Hz); 
5.30 (2H, singlet); 
6.78 (2H, doublet, J = 8 Hz); 
6.92 - 7.52 (20H, multiplet); 
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7.90 (1 H, doublet, J = 7.5 Hz). 

35(b) Ethyi 4-hydroxymethyl-2-propyl-1^4>[2-(trityltetrazol>5-yl)phenyi]phenyl}meth 

5 10 ml of a 1.5 M solution of diisobutylaluminlum hydride in toluene were added dropwise at -20°C under 

an atmosphere of nitrogen to a solution of 4.27 g of diethyl 2-propyl-1-{4-[2-(trityltetrazol-5-yl) phenyl] phe- 
nyl}memylimidazole-4 f 5-dicarboxylate [prepared as described in step (a) above] in 50 ml of tetrahydrofuran. 
The resulting mixture was allowed to stand at 0°C for 16 hours and then mixed with ethyl acetate and with a 
saturated aqueous solution of ammonium chloride; it was then stirred at room temperature for 1 hour. The result- 
to ing precipitate was filtered off, and the ethyl acetate layer was separated and dried over anhydrous magnesium 
sulphate; the solvent was then removed by distillation under reduced pressure. The crystalline residue was 
washed with diisopropyl ether, to give 4.03 g of the title compound, melting at 135 - 138°C. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 5 ppm: 
0.94 (6H, triplet, J = 7.5 Hz); 
15 1.29 (3H, triplet, J = 7 Hz); 

1.67 - 1.77 (2H, multiplet); 
2.56 (2H, triplet, J = 7.5 Hz); 

3.43 (1H, broad triplet, J = 4 Hz); 
4.25 (2H, quartet, J = 7 Hz); 

20 4.91 (2H, doublet, J = 4 Hz); 

5.49 (2H, singlet); 
6.82 (2H, doublet, J = 7.5 Hz); 
6.98 - 7.57 (20H, multiplet); 
7.94 (1H, doublet, J = 7 Hz). 

25 

35(c) Ethyl 4-hydroxymethyl-2-propyl-1-{4-[2-(tetrazol-^ 

A solution of 0.28 g of ethyl 4-hydroxymemyl-2-propyl-{4-[2-(trityltet^ 
dazole-5-carboxylate [prepared as described in step (b) above] in 4 ml of 75% v/v aqueous acetic acid was 
30 stirred at 60° C for 2 hours. The reaction mixture was then concentrated by evaporation under reduced pressure, 
and the residue was dissolved in toluene. The resulting solution was again concentrated by evaporation under 
reduced pressure, to remove as much water and acetic acid as possible. The residue was then purified by col- 
umn chromatography through silica gel, using 9 : 1 and 4 : 1 by volume mixtures of methylene chloride and 
methanol as the eluent, to give 0.20 g of the title compound as an amorphous solid. 
35 Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 8 ppm: 
0.80 (3H, triplet, J = 7.5 Hz); 
1.20 (3H, triplet, J = 7.5 Hz); 
1.45-1.65 (2H, multiplet); 

2.44 (2H, triplet, J = 7.5 Hz); 
40 4.20 (2H, quartet, J = 7.5 Hz); 

4.58 (2H, singlet); 
5.43 (2H, singlet); 

6.78 (2H, doublet, J = 7.5 Hz); 
6.98 (2H, doublet, J = 7.5 Hz); 

45 7.38 - 7.60 (3H, multiplet); 

7.79 (1H, doublet, J = 7.5 Hz). 

EXAMPLE 36 

so 4-Hydroxymethyl-2-propyl-1-{4-[2-(tetra^ acid (Com- 

pound No. 4-1) 

A mixture of 0.20 g of ethyl 4-hydroxymethyl-2-propyl-1-{4-[2-(tetrazol-5-yl)phenyi]phenyI}methylimi- 
dazole-5-carboxylate [prepared as described in Example 35(c)] and 0.10 g of lithium hydroxide monohydrate 
55 in 3 ml of water was stirred at room temperature for 3 hours, after which it was allowed to stand for 16 hours 
at the same temperature. The reaction mixture was then mixed with 2.38 ml of 1 N aqueous hydrochloric acid 
and the resulting precipitate was collected by filtration, to give 150 mg of the title compound, melting at 233°C 
(with decomposition). 
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Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 8 ppm: 
0.88 (3H, triplet, J = 7.5 Hz); 
1.59 (2H, sextBt, J = 7.5 Hz); 
2.58 (2H, triplet, J = 7.5 Hz); 
4.64 (2H, singlet); 
5.62 (2H, singlet); 
6.98 (2H, doublet, J = 8 Hz); 
7.08 (2H, doublet, J = 8 Hz); 
7.39 - 7.69 (4H, multiplet). 

EXAMPLE 37 

Pivaloyloxymethyl 4-hydroxymethyl-2-propy1-1-{4-[2-(tet^ 
ate (Compound No. 4-4) 

37(a) 4-Hydroxymethyl-2-propyM-{4-[2-^ acid 

A solution of 0.66 g of lithium hydroxide monohydrate in 20 ml of water was added to a solution of 1 .22 g 
of ethyl 4-hydroxymethyl-2-propyl-H4-[2Ktrity^ 

[prepared as described in Example 35(b)] in 5 ml of dioxane, and the resulting mixture was stirred at 80°C for 
5 hours. At the end of this time, the reaction mixture was freed from dioxane by distillation under reduced press- 
ure, and the aqueous residue was mixed with ice and with ethyl acetate; 15.7 ml of 1 N aqueous hydrochloric 
acid were then added. The title compound precipitated, and was collected by filtration and washed with water. 
The ethyl acetate layer was then separated from the filtrate and dried over anhydrous magnesium sulphate, 
and the solvent was removed by distillation under reduced pressure. The resulting residue was washed with 
diethyl ether, to give more of the title compound as a powder. The two portions of the title compound were com- 
bined and together weighed 0.98 g, and this was immediately used in the subsequent esterification reaction 
without further purification or characterisation. 

37(b) Pivaloyloxymethyl 4-hydroxymemyl-2-propyM 
5-carboxylate 

0.30 g of potassium carbonate and 0.24 g of pivaloyloxymethyl chloride were added to a solution of 0.98 
g of 4-hydroxymethyl-2-propyi-1 -{4-[2-(trityltetrazol-5-yl)phenyl]phenyl}methylimidazole-5-carboxylic acid 
[prepared as described in step (a) above] in 10 ml of N , N-dimethylacetamide, and the resulting mixture was 
stirred at room temperature for 6 hours. At the end of this time, the reaction mixture was mixed with ethyl acetate 
and water. The ethyl acetate layer was separated and dried over anhydrous magnesium sulphate, and then 
the solvent was removed by distillation under reduced pressure. The resulting residue was purified by column 
chromatography through silica gel, using a 2 : 1 by volume mixture of ethyl acetate and hexane as the eluent, 
to give 0.91 g of the title compound as a gum. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) S ppm: 

0.89 (3H, triplet, J = 7.5 Hz); 

1.18 (9H, singlet); 

1.70 (1H, sextet, J = 7.5 Hz); 

2.52 (2H, triplet, J = 8 Hz); 

3.35 (1H, broad singlet); 

4.83 (2H, singlet); 

5.42 (2H, singlet); 

5.80 (2H, singlet); 

6.76 (2H, doublet, J = 8 Hz); 

6.92 - 7.51 (20H, multiplet); 

7.90 (1 H, doublet, J = 7.5 Hz). 

37(c) Pivaloyloxymethyl 4-hydroxymemyl-2-propyl-H4-[2-(tetrazol-5-yt)phenyl]phenyl}methylimidazole-5- 
carboxylate 

Following a procedure similar to that described in Example 35(c), 0.91 g of pivaloyloxymethyl 4-hyd- 
roxymethyl-2-propyl-H4-[2-<^ [prepared as described in step 
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(b) above] was detritylated by treatment with 75% v/v aqueous acetic acid, to give 0.42 g of the title compound 
as a powder, melting at above 60°C (with softening). 
Nuclear Magnetic Resonance Spectrum (CDCl 3 ) 5 ppm: 
0.94 (3H f triplet, J = 7.5 Hz); 

1.14 (9H, singlet); 

1 .72 (2H, sextet, J = 7.5 Hz); 
2.61 (2H, triplet, J = 7.5 Hz); 
2.90 (2H, broad singlet); 
4.77 (2H, singlet); 

5.49 (2H, singlet); 

5.84 (2H, singlet); 

6.94 (2H, doublet, J = 8 Hz); 

7.15 (2H, doublet, J = 8 Hz); 
7.26 - 7.61 (3H, multiplet); 

8.07 (1H, doublet, J = 7.5 Hz). 

EXAMPLE 38 

Methyl 2-butyl-4-hydroxymethyM-{4~[2-(tetra^ (Com- 
pound No. 4-47) 

38(a) Dimethyl 2-butyl-H4^2-(trityltetrazol-5-^ 

Following a procedure similar to that described in Example 35(a), but using 0.50 g of dimethyl 2-butylimi- 
dazole-4,5-dicarboxylate (prepared as described in Preparation 4) and 1.17 g of 4-[2-<trityltetrazol-5-yl)phe- 
nyljbenzyl bromide, 0.51 g of the title compound was obtained as an amorphous solid. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 ) 8 ppm: 

0.85 (3H, triplet, J = 7.5 Hz); 

1.20 - 1.80 (4H, multiplet); 

2.59 (2H. triplet. J = 8.0 Hz); 

3.73 (3H, singlet); 
3.92 (3H, singlet); 
5.30 (2H, singlet); 

6.6 - 7.6 (22H, multiplet); 
7.8- 8.0 (1H, multiplet). 

38(b) Methyl 2-butyl-4-hydroxymethyl-1-{4-[2-(trityltetrazol-5-yl) phenyl] phenyl}methy I imidazole-5-carboxyiate 

Following a procedure similar to that described in Example 35(b), 0.51 g of dimethyl 2-butyi-1-{4-[2-(trityl- 
tetrazol-5-yl)phenyl]phenyl}methylimidazole-4,5-dicarboxylate [prepared as described in step (a) above] was 
reduced using 0.99 ml of a 1.5 M solution of diisobuty (aluminium hydride in toluene, to give 0.44 g of the title 
compound as an oil. 

Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 5 ppm: 
0.86 (3H, triplet. J = 7.5 Hz); 
1.23-1.36 (2H, multiplet); 
1.58- 1.70 (2H, multiplet); 
1.80-1.95 (1H, multiplet); 
2.54 (2H, triplet, J = 8.0 Hz); 
3.72 (3H, singlet); 

4.85 (2H, doublet, J = 6.0 Hz); 
5.43 (2H, singlet); 

6.77 (2H, doublet. J = 8.5 Hz); 
6.92 - 6.95 (4H, multiplet); 

7.08 (2H, doublet, J = 8.5 Hz); 
7.22 - 7.51 (14H, multiplet); 
7.87-7.90 (1H, multiplet). 
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38c) Methyl 2-butyl^-hydroxymethyM^4-I2^ 

A solution of 0.44 g of methyl 2-butyl^hydroxymethyl-H4-[2-(^ 
dazole-5-carboxylate [prepared as described in step (b) above] in 1 0 ml of methanol and 0.70 ml of 1 N aqueous 
hydrochloric acid was allowed to stand overnight at room temperature. At the end of this time, the reaction mixt- 
ure was concentrated to dryness by distillation under reduced pressure, and the residue was triturated with 
diethyl ether to give 0.30 g of the hydrochloride of the title compound as a solid. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 8 ppm: 
0.81 (3H, triplet, J = 7.5 Hz); 

1.19 - 1.32 (2H, multiplet); 
1.38-1.51 (2H, multiplet); 
2.95 (2H, triplet, J = 7.5 Hz); 
4.80 (2H, singlet); 

5.71 (2H, singlet); 

7.20 - 7.75 (8H, multiplet). 

EXAMPLE 39 

2-Butyl^hydroxymethyM^4-[2-(tetr^ acid (Compound 

No. 4-46) — — 

Following a procedure similar to that described in Example 36, but using 0.30 g of methyl 2-butyl-4-hyd- 
roxymethyl-H4-P-(tetrazol-5^ [prepared as described in 

Example 38(c)] and 2.50 ml of a 1 N aqueous solution of sodium hydroxide, 95 mg of the title compound were 
obtained as crystals, melting at 215 - 217°C. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 8 ppm: 
0.82 (3H, triplet, J = 7.5 Hz); 
1.27 (2H, multiplet); 
1.52 (2H, multiplet); 

2.56 (2H, triplet, J = 7.5 Hz); 
4.60 (2H, singlet); 

5.58 (2H, singlet); 
6.94 (2H, doublet, J = 8.5 Hz); 
7.06 (2H, doublet, J = 8.5 Hz); 
7.50 - 7.70 (4H, multiplet). 

EXAMPLE 40 

Ethyl 4-(1-hydroxyethyl)-2-propyl-1-{4-[2-(tetrazol-5-yl)phenyl]phenyl}mem (Com- 
pound No. 4-30) 

40(a) Ethyl 4-foiTnyl-1-propyt-1-{4-[2-(trity^^ 

6 g of activated manganese dioxide were added to a solution of 2 g of ethyl 4-hydroxymethyl-2-propyl-1- 
{4-[2-(tritylteti^ol-5-yl)phenyl]phenyl}methylimidazole-5-carbox^ [prepared as described in Example 
35(b)] in 40 ml of methylene chloride, and the resulting mixture was stirred at room temperature for 2.5 hours. 
At the end of this time, the manganese dioxide was filtered off and the filtrate was concentrated by evaporation 
under reduced pressure. The resulting residue was purified by column chromatography through silica gel, using 
a 1 : 1 by volume mixture of ethyl acetate and hexane as the eluent, to give 1.45 g of the title compound as 
crystals, melting at 177 - 179°C (with decomposition). 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 8 ppm: 

0.88 (3H, triplet, J = 7.5 Hz); 

1 .29 (3H, triplet, J = 7 Hz); 

1 .74 (2H, sextet, J = 7.5 Hz); 

2.57 (2H, triplet, J = 7.5 Hz); 
4.29 (2H, quartet, J = 7 Hz); 
5.49 (2H, singlet); 

6.76 (2H, doublet, J = 8.5 Hz); 
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6.92 - 7.88 (20H, multiplet); 
7.90 (1 H f doublet, J = 7.5 Hz); 
10.42 (1H f singlet). 

40(b) Ethyl 4^1-hydroxyethyl)-2-propyl-1-{4H2-(tri^ 
ate 

4.0 ml of a 1 M solution of methyl magnesium bromide in tetrahydrofuran were added dropwise at -1 0°C to 
a solution of 1.2 g of ethyl 4-fbrmyl-2-propy1-1-{4-[2-(mtylte^ 

boxyiate [prepared as described in step (a) above] in 5 ml of tetrahydrofuran, and the resulting mixture was 
stirred at a temperature between -1 0°C and 0°C for 3 hours. At the end of this time, the reaction mixture was 
mixed with ethyl acetate and with an aqueous solution of ammonium chloride, and the mixture was stirred at 
room temperature for 20 minutes. The ethyl acetate layer was then separated and dried over anhydrous mag- 
nesium sulphate. The solvent was removed by distillation under reduced pressure, and the residue was purified 
by column chromatography through silica gel, using 1 : 4 and 1 : 2 by volume mixtures of ethyl acetate and 
methylene chloride as the eluent, to give 1.23 g of the title compound as a viscous oil. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 ) 5 ppm: 
0.87 (3H, triplet, J - 7.5 Hz); 

1.22 (3H, triplet, J = 7 Hz); 

1 .54 (3H, doublet, J = 7 Hz); 
1.68 (2H, sextet, J = 7.5 Hz); 
2.50 (2H; triplet, J = 7.5 Hz); 
3.82 (1 H, doublet, J = 8 Hz); 
4.18 (2H, quartet, J = 7 Hz); 

5.23 (1H, quintet, J = 7 Hz) 
5.42 (2H, singlet); 

6.76 (2H, doublet, J = 8 Hz); 

6.93 - 7.52 (20H, multiplet); 
7.88 (1 H, doublet, J = 7.5 Hz). 

40(c) Ethyl 4-(1-hydroxyethyl)-2-propyl-H4-[2-(tefr 

Following a procedure similar to that described in Example 35(c), 1 .23 g of ethyl 4-{1-hydroxyethyl)-2-pro- 
py |.1^[2^trityltetrazol-5-yl)phenyl]phenyl}methylimidazole-5-carboxylate [prepared as described in step (b) 
above] were treated with 75% v/v aqueous acetic acid, to give 0.82 g of the title compound as an amorphous 
solid. 

Nuclear Magnetic Resonance Spectrum (CDCf 3 ) 5 ppm: 
0.85 (3H, triplet, J = 7.5 Hz); 

1.24 (3H, triplet. J = 7 Hz); 
1.42 (3H, doublet, J = 6 Hz); 
1.59 (2H, sextet, J = 7.5 Hz); 
2.50 (2H, triplet, J = 7 Hz); 
4.22 (2H. quartet, J =7 Hz); 
5.13- 5.20 (1H, multiplet); 

5.44 (2H, AB-quartet, AS = 0.12 ppm, J = 16.5 Hz); 
6.78 (2H, doublet, J = 8 Hz); 
6.99 (2H, doublet, J = 8 Hz); 
7.38 - 7.59 (3H, multiplet); 
7.76 (1H, doublet, J = 7.5 Hz). 

EXAMPLE 41 

4-(1 -Hydroxyethyl)-2-propyl-1 -{4-[2-(tetrazol-5-yl)phenyl]phenyl)methylimidazole-5-carboxylic acid (Com- 
pound No. 4-29) 

Following a procedure similar to that described in Example 36, 0.82 g of ethyl 4-(1-hydroxyethyl)-2-propyl- 
1^4_[2^tetrazol-5-yl)phenyl]phenyI}methylimidazole-5-carboxylate [prepared as described in Example 40(c)] 
was hydrolyzed using 0.43 g of lithium hydroxide monohydrate, to give 0.50 g of the title compound as a powder, 
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melting at 198 -201 °C. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 8 ppm: 
0.86 (3H, triplet, J = 7.5 Hz); 
1.38 (3H, doublet, J = 6.5 Hz); 
1 .55 (2H, sextet, J = 7.5 Hz); 
2.58 (2H f triplet, J = 8 Hz); 
5.21 (1H, quartet, J = 6.5 Hz); 
5.61 (2H, singlet); 
6.95 - 7.08 (4H, multiplet); 
7.51 - 7.70 (4H, multiplet). 

EXAMPLE 42 

Ethyl 4-(1-hydroxyethyl)-2-propyl-1-{4-[2-tetrazol-5-yl)phenyl3phenyl}m (Com- 
pound No. 4-30) 

42(a) Ethyl 4-( 1 -hydroxyethyl)-2-propy1-1 -{4-[2-(trityltetrazol-5-yl) phenyl3phenyl}methy1imidazole-5-carboxyl- 
ate 

Following a procedure similar to that described in Example 35(a), but using 113 mg of ethyl 4-(1-hyd- 
roxyethyl)-2-propylimidazole-5-carboxyiate [prepared as described in Preparation 23(iii)], 280 mg of 4-[2-(trityl- 
tetrazol-5-yl)phenyl] benzyl bromide and 60 mg of potassium t-butoxide, 255 mg of the title compound were 
obtained as a viscous oil. The Nuclear Magnetic Resonance Spectrum of this compound was identical with that 
of the compound obtained as described in Example 40(b). 

42(b) Ethyl 4-(1-hydirayethyl)-2^propyl-1-{4-[2-(tet^ 

Following a procedure similar to that described in Example 35(c), 255 mg of ethyl 4-(1-hydroxyethyl)-2- 
propyl-1-{4-[2-(trityltetraol-5-yl)phe [prepared as described in step 

(a) above] was detritylated by treatment with 75% v/v aqueous acetic acid, to give 170 mg of the title compound 
as an amorphous solid. The Nuclear Magnetic Resonance Spectrum of this compound was identical with that 
of the compound obtained as described in Example 40(c). 

EXAMPLE 43 

Ethyl 2-butyl-4-(1-hydroxyethyl)-1 -{4-[2Ktetrazol-5-yl)phenyl]phenyl}methyiimidazole>5-carboxylate (Com- 
pound No. 4-75) 

43(a) Ethyl 2-butyl-4-(1-hydroxyethyl)-1-{4-[2-(trityltetrazol-S-yl)phenyl3phenyl} 

Following a procedure similar to that described in Example 35(a), but using 400 mg of ethyl 2-butyl-4-(1- 
hydroxyethyl)imidazole-5-carboxylate [prepared as described in Preparation 24(iii)], 1.00 g of 4-[2-(trityltet- 
razol-5-yl)phenyl]benzyl bromide and 197 mg of potassium t-butoxide, 0.94 g of the title compound was 
obtained as a viscous oil. 

Nuclear Magnetic Resonance Spectrum (CDCf 3 ) 5 ppm: 
0.87 (3H, triplet, J = 7.5 Hz); 

1.24 (3H, triplet, J = 7 Hz); 
1.25- 1.38 (2H, multiplet); 
1.55 (3H, doublet, J = 6.5 Hz); 
1.60-1.72 (2H. multiplet); 
2.54 (2H. triplet, J ■ 8 Hz); 
3.84 (1H, doublet, J = 6.5 Hz); 
4.20 (4H, quartet, J = 7 Hz); 

5.25 (1H, quintet, J = 6.5 Hz); 
5.44 (2H, singlet); 

6.78 (2H, doublet, J = 8 Hz); 
6.94 - 7.54 (20H, multiplet); 
7.90 (1H, doublet, J = 7.5 Hz). 
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43(b) Ethyl 2-butyl-4-(1-hydroxyethyl)-H4-[2Ktetrazol-^ 

Following a procedure similar to that described in Example40(c), 0.84 g of ethyl 2-butyl-4-(1-hydroxyethyl)- 
1^4-[2-(trityltetraol-5-yl)phenyl]phenyl}mem^ [prepared as described in step (a) 

above] was treated with 75% v/v aqueous acetic acid, to give 0.54 g of the title compound as an amorphous 
solid. 

Nuclear Magnetic Resonance Spectrum (CDCl 3 ) 5 ppm: 
0.78 (3H, triplet, J = 7.5 Hz); 
1.15- 1.30 (2H V multiplet); 

1.19 (3H, triplet, J = 7Hz); 

1 .35 (3H, doublet, J = 6.5 Hz); 
1.44- 1.60 (2H, multiplet); 

2.49 (2H, triplet, J = 8 Hz); 
4.17 (2H, quartet, J = 7 Hz); 
5.09 (1H, quartet, J = 6.5 Hz); 

5.35 & 5.45 (each 1H, AB-quartet, J = 16.5 Hz); 
6.89 (2H, doublet, J = 8 Hz); 
6.96 (2H, doublet, J = 8 Hz); 
7.30 - 7.50 (3H, multiplet); 
7.65 (1H, doublet, J = 7.5 Hz). 

EXAMPLE 44 

2-Butyl-4-(1-hydroxyettyl)-H4-[2-(tetra^ acid (Com- 

pound No. 4-74) 

Following a procedure similar to that described in Example 36, 0.54 g of ethyl 2-butyl-4-(1-hydroxyethyl)- 

1- {4-[2Ktetrazol-5-yl)phenyl]phenyl}memyiimidazole-5-carboxylate [prepared as described in Example 43(b)] 
was hydrolyzed, using 245 mg of lithium hydroxide monohydrate, to give 0.43 g of the title compound as a pow- 
der, melting at 214 - 217°C. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 8 ppm: 
0.82 (3H, triplet, J = 7.5 Hz); 
1.27 (2H, sextet, J = 7.5 Hz); 
1.37 (3H, doublet, J = 6.5 Hz); 

1.50 (2H, quintet, J = 7.5 Hz); 
2.58 (2H, triplet, J = 8 Hz); 

5.20 (1H, quartet, J = 6.5 Hz); 
5.61 (2H, singlet); 

6.96 (2H, doublet, J = 8 Hz); 
7.06 (2H, doublet, J = 8 Hz); 
7.50 - 7.66 <4H, multiplet). 

EXAMPLE 45 

2- Butyl-H(2'-carooxybiphenyl^yl)m (Compound No. 5-64) 

45(a) 4-Acetyl-1-[(2'-t-butoxycarbonylbiphenyl 

0.192 g of sodium hydride (as a 55% w/w dispersion in mineral oil) was added to a solution of 0.843 g of 
4-acetyl-2-butylimidazole-5-carbonitrile [prepared as described in Preparation 24(i)] in 17 ml of N,N-dimethy- 
lacetamide, and the resulting mixture was stirred at room temperature for 20 minutes. 1 .68 g of t-butyl 4'-(bro- 
momethyl)biphenyl-2-carboxylate was then added, and the resulting mixture was stirred at 55°C for 2.5 hours. 
At the end of this time, an aqueous solution of sodium chloride was added to the mixture, which was then ext- 
racted with ethyl acetate. The extract was washed with water and dried over anhydrous magnesium sulphate, 
and then the solvent was removed by distillation under reduced pressure. The resulting oily residue was purified 
by column chromatography through silica gel, using 4 : 1 and 2 : 1 by volume mixtures of hexane and ethyl 
acetate as the eluent, to afford 1 .14 g of the title compound as a viscous oil. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 8 ppm: 
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0.93 (3H, triplet, J ■ 7 Hz); 
1.23 (9H, singlet); 
1.3-2.1 (4H, multiplet); 

2.58 (3H, singlet); 

5 2.75 (2H, triplet, J = 7 Hz); 

5.32 (2H, singlet); 
7.0 - 8.0 (8H, multiplet). 

45(b) 1-[(2'-t-ButoxycariJonytbipte^ 

10 

0.098 g of sodium borohydride was added to a solution of 1.18 g of 4-acetyl-H(2'-t-butoxycar- 
bonylbiphenyl-4-yl)methyl]-2-butylimidazole-5-carbonitrile [prepared as described in step (a) above] in 30 ml 
of ethanol, and the resulting mixture was stirred at room temperature for 1 hour. The excess sodium borohydride 
was decomposed by adding acetone, and then the reaction mixture was concentrated by evaporation under 
15 reduced pressure. The residue was diluted with an aqueous solution of sodium chloride and extracted with ethyl 
acetate. The extract was dried and concentrated by evaporation under reduced pressure. The oily residue was 
purified by column chromatography through silica gel, using a 3 : 2 by volume mixture of ethyl acetate and 
hexane as the eluent, to afford 1 .18 g of the title compound as a viscous oil. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 6 ppm: 
20 0.92 (3H, triplet, J = 7.5 Hz); 

1.25 (9H, singlet); 
1.3 - 1.5 (2H, multiplet); 
1.60 (3H, doublet, J = 6.5 Hz); 
1.6-1.8 <2H, multiplet); 
25 2.6 - 2.8 (2H, multiplet); 

5.00 (1 H, quartet, J = 6.5 Hz); 

5.22 (2H, singlet); 

7.1 - 7.9 (8H, multiplet). 

30 45(c) 1-[(2'-t-Butoxycarb<)nylbiphenyt^yP^ 

12 ml of a 1 N aqueous solution of sodium hydroxide were added to a solution of 0.52 g of 1 -[(2'-t-butoxycar- 
bonylbiphenyl-4-yl)memyl]-2-butyl-4-(1-hydroxyethyl)imidazole-5-carbonitrile [prepared as described in step 
(b) above] in 3 ml of ethanol, and the resulting mixture was heated under reflux for 3 hours. At the end of this 

35 time, the reaction mixture was neutralized by the addition of dilute aqueous hydrochloric acid and extracted 
with ethyl acetate. The extract was washed with water and dried over anhydrous magnesium sulphate. The 
solvent was then removed by distillation under reduced pressure. The resulting residue was purified by column 
chromatography through silica gel, using a 4 : 1 by volume mixture of ethyl acetate and hexane, followed by 
ethyl acetate alone, as the eluent, to afford 0.14 g of the title compound as an amorphous solid. 

40 Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 8 ppm: 
0.90 (3H, triplet, J = 7.5 Hz); 

1.23 (9H, singlet); 
1.2-1.5 (2H, multiplet); 
1.6 - 1.8 (2H, multiplet); 

45 1.66 (3H, doublet, J = 6.5 Hz); 

2.63 (2H, triplet, J = 8 Hz); 

5.11 (1H, quartet, J = 6.5 Hz); - 

5.59 & 5.74 (each 1H, AB-quartet, J = 16 Hz); 
7.0 - 7.9 (8H, multiplet). 

50 

45(d) 2-Butyl-H(2'-caifroxybiphenyl^yl)meft 

A solution of 0.15 g of H(2'-t-butoxyc»rbonyibiphenyi-4-yl)methy^ 
carboxamide [prepared as described in step (c) above] dissolved in 3 ml of a 4 N solution of hydrogen chloride 
55 in dioxane was allowed to stand overnight at room temperature. The solution was then concentrated by evapor- 
ation under reduced pressure. The resulting residue was triturated in hexane and the powder thus obtained 
was collected by filtration, to afford 0.105 g of the hydrochloride of the title compound as an amorphous solid, 
melting at 212 - 214°C (with decomposition). 
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Nuclear Magnetic Resonance Spectrum (CDCl 3 ) 8 ppm: 
0.94 (3H, triplet, J = 7.5 Hz); 
1.3-1.6 (2H, multiplet); 
1.59 (3H, doublet, J = 6.5 Hz); 
1.6-2.0 (2H, multiplet); 

3.0- 3.4 (2H, multiplet); 
5.16 (1H, quartet, J = 6.5 Hz); 

5.41 & 5.58 (each 1H, AB-quartet, J = 15 Hz); 

7.1- 7.9 (8H, multiplet). 

EXAMPLE 46 

2-Butyl-1-[(2'-cart>oxybiphenyl-4-yl)mettiyl}^ (Compound No. 5- 

65) 

46(a) 1-[(2'-t-Butoxycart)onylbiphenyM-yl)^ 

Following a procedure similar to that described in Example 45(a) but using 0.923 g of 2-butyf-4-propionyli- 
midazoie-5-carbonitrile (prepared as described in Preparation 25), 1.56 g of t-butyl 4'-(bromomethyi)biphenyt- 
2-carboxytate and 196 mg of sodium hydride (as a 55% w/w dispersion in mineral oB) in 20 ml of 
N,N-dirnethylacetamide, 1 .84 g of the title compound were obtained as a viscous oil. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 ) 5 ppm: 

0.91 (3H, triplet, J = 7 Hz); 

1.0-2.1 (4H, multiplet); 

1.25 (9H, singlet); 

2.72 (2H, triplet, J = 7 Hz); 

3.02 (2H, quartet, J = 7 Hz); 

5.30 (2H, singlet); 

7.0-8.0 (8H, multiplet). 

46(b) 1-[(2'-t-Butoxycarbonylbiphenyl-4-yl)methyl]-2-bu^ 

Following a procedure similar to that described in Example 45(b), but using 451 mg of 1 -[(2 -t-butoxycar- 
bonylbiphenyl-4-yl)methyl]-2-butyl-4-propionylimidazole-5-carbonitriie [prepared as described in step (a) 
above] and 36 mg of sodium borohydride in 10 ml of ethanol, 369 mg of the title compound were obtained as 
a viscous oil. 

Nuclear Magnetic Resonance Spectrum (CDCl 3 ) 5 ppm: 
0.91 (3H, triplet, J = 7 Hz); 
0.99 (3H, triplet, J = 7 Hz); 
1.0-2.3 (6H, multiplet); 
1.25 (9H, singlet); 
2.70 (2H, triplet, J = 7 Hz); 
3.16 (1H, doublet, J = 6.5 Hz); 
4.74 (1 H, quartet, J = 7 Hz); 
5.21 (2H, singlet); 
7.0 - 8.0 (8H, multiplet). 

46(c) 1-[(2M-Butoxycarbonylbiphenyl-4-yl)methyl]-2-butyl-^^ 

20 mi of a 1 N aqueous solution of sodium hydroxide were added to a solution of 368 mg of 1-[(2 -t- 
butoxycarbonylbiphenyl-4-yl)memyl>2-butyl-4-(1-h^ [prepared as des- 

cribed in step (b) above] dissolved in 20 ml of ethanol, and the resulting mixture was heated under reflux for 6 
hours. At the end of this time, the reaction mixture was worked up in a similar manner to that described in 
Example 45(c), to afford 316 mg of the title compound as an amorphous solid. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 ) 5 ppm: 

0.89 (6H, triplet, J = 7 Hz); 

1.0 - 2.3 (6H, multiplet); 

1.24 (9H, singlet); 
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2.61 (2H, triplet, J = 7 Hz); 

4.76 (1H, triplet, J = 7 Hz); 

5.52 & 5.83 (each 1H, AB-quartet, J = 17 Hz); 

6.9- 7.9 (8H, multiplet). 

46(d) 2-Butyl-1-[(2'-carooxybiphenyl-4-yl)memv^ 

Following a procedure similar to that described in Example 45(d), but using 316 mg of H(2'-t-butoxycar- 
bonylbiphenyl^yt)methy^2-butyl-4-(1-h^ [prepared as described in 

step (c) above] and 1 0 ml of a 4 N solution of hydrogen chloride in dioxane, 148 mg of the hydrochloride of the 
title compound were obtained as an amorphous powder, melting at above 120°C (with softening). 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 5 ppm: 

0.80 (3H, triplet, J = 7.5 Hz); 

0.87 (3H, triplet, J = 7.5 Hz); 

1.1 - 2.0 (6H, multiplet); 

2.94 (2H, triplet, J = 7.5 Hz); 

4.85 (1H, triplet, J = 7 Hz); 

5.68 (2H, singlet); 

7.0- 7.8 (8H, multiplet). 

EXAMPLE 47 

2-Butyl-1-[(2'-carboxybiphenyl-4-^ (Compound No. 5- 

66) 

47(a) l-[(2'-t-Butoxycart)onylbiphenyM-yl)mem^^ 

Following a procedure similar to that described in Example 45(a), but using 0.877 g of 2-butyl-4-butyryli- 
midazole-5-carbontarile (prepared as described in Preparation 26), 1.53 g of t-butyl 4'-(bromomethyl)biphenyl- 
2-carboxylate and 0.175 g of sodium hydride (as a 55% w/w dispersion in mineral oil) in 18 ml of 
N,N-dimethytacetamide, 0.99 g of the title compound was obtained as a viscous oil. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 ) 6 ppm: 

0.93 (3H, triplet, J = 7 Hz); 

1.01 (3H, triplet, J = 7 Hz); 

1.28 (9H, singlet); 

1.4-2.1 (6H, multiplet); 

2.74 (2H, triplet, J = 7 Hz); 

3.00 (2H, triplet, J = 7 Hz); 

5.30 (2H, singlet); 

7.0 - 8.0 (8H, multiplet). 

47(b) 1-[(2'-t-ButoxycarbonylbiphenyM-yl)m^ 

Following a procedure similar to that described in Example 45(b), but using 0.99 g of H(2'-t-butoxycar- 
bonylbiphenyl-4-yl)memyl-2-butyl-4-butyiylimidazole-5-carbonitrile [prepared as described in step (a) above] 
and 0.077 g of sodium borohydride in 20 ml of ethanol, 0.88 g of the title compound was obtained as a viscous 
oil. 

Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 5 ppm: 
0.7- 1.2 (6H, multiplet); 
1.2-2.1 (8H, multiplet); 
1.23 (9H, singlet); 
2.71 (2H P triplet, J = 7 Hz); 
4.28 (1 H, doublet, J = 6 Hz); 
4.82 (1H, quartet, J = 6 Hz); 
5.28 (2H, singlet); 
7.0-8.0 (8H, multiplet). 



116 



EP0 503 785 A1 

47(c) 1-[(2'-t-Butoxycarbonylbiphenyl^ 

14 ml of a 1 N aqueous solution of sodium hydroxide were added to a solution of 0.86 g of 1 -[(2'-t-butoxycar- 
bonylbiphenyl-4-yl)methyl]-2-butyl-4-(1-hydrox^^ [prepared as described in step 

(b) above] in 14 ml of ethanoi, and the resulting mixture was heated under reflux for 10 hours. At the end of 
this time, the reaction mixture was worked up in a similar manner to that described in Example 45(c) to afford 
0.58 g of the title compound as an amorphous solid. 

Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 5 ppm: 
0.90 (3H, triplet. J = 7.5 Hz); 
0.94 (3H f triplet, J = 7.5 Hz); 
1.23 (9H, singlet); 
1.3-2.1 (8H, multiplet); 
2.63 (2H, triplet, J = 8 Hz); 
4.91 (1 H, triplet, J = 7 Hz); 
5.56 & 5.77 (each 1H, AB-quartet, J = 16 Hz); 
7.0 - 7.8 (8H, multiplet). 

47(d) 2-Butyl-H(2'K»rooxybiphenyl-4-yl)meth^ 

Following a procedure similar to that described in Example 45(d), but using 0.58 g of 1-[(2'-t-butoxycar- 
lronylbiphenyl-4-yl)methyl]-2-butyW [prepared as described in step 

(c) above] and 13 ml of a 4 N solution of hydrogen chloride in dioxane, 0.55 g of the hydrochloride of the title 
compound was obtained as an amorphous powder, melting at above 110°C (with softening). 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 8 ppm: 
0.80 (3H, triplet, J = 7.5 Hz); 
0.89 (3H, triplet, J = 7.5 Hz); 
1.1-1.9 (8H, multiplet); 
2.96 (2H, triplet, J = 7.5 Hz); 
4.96 (1H, triplet, J = 7.5 Hz); 
5.68 (2H, singlet); 
7.2 - 7.8 (8H, multiplet). 

EXAMPLE 48 

2-Butyl-1-[(2'-carboxybiphenyl-4-^ (Com- 
pound No. 5-67) 

48(a) 1-[(2'-t-butoxycarbonyibiphenyl-4-yl)memyn 

Following a procedure similar to that described in Example 45(a), but using 0.85 g of 2-butyl-4-isobutyryli- 
midazole-5-carbonitrile (prepared as described in Preparation 27), 1.34 g of t-butyl 4'-(bromomethyl)biphenyl- 
2-carboxylate and 170 mg of sodium hydride (as a 55% w/w dispersion in mineral oil) in 15 ml of 
N,N-dimethylacetamide, 1.62 g of the title compound were obtained as a viscous oil. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 ) 5 ppm: 

0.93 (3H, triplet, J = 7 Hz); 

1.0-2.1 (4H, multiplet); 

1.21 (6H, doublet, J = 7 Hz); 

1.22 (9H, singlet); 

2.73 (2H, triplet, J = 7 Hz); 
3.66 (1H, septet, J = 7 Hz); 
5.30 (2H, singlet); 
7.0 - 8.0 (8H, multiplet). 

48(b) 1[(2'-t-Butoxycarbonylbiphenyl^yl)methyl]-2-butyl-4-(1-hydroxy-2-memylpropyl) 
rile 

Following a procedure similar to that described in Example 45(b), but using 500 mg of 1-[(2'-t-butoxycar- 
bonylbiphenyl-4-yi)methyl^2-butyl-4-isobu^ [prepared as described in step (a) 
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above] and 25 mg of sodium borohydride in 10 ml of ethanol, 297 mg-of the title compound were obtained as 
a viscous oil. 

Nuclear Magnetic Resonance Spectrum (CDCl 3 ) 6 ppm: 
0.7-1.2 (9H, multiplet). 
1.0-2.5 (5H, multiplet); 
1.27 (9H, singlet); 
2.70 (2H. doublet, J = 7 Hz); 
3.01 (1 H, doublet, J = 7 Hz); 
4.54 (1 H, triplet, J = 7 Hz); 
5.23 (2H, singlet); 

7.0 - 8.0 (8H, multiplet). 

48(c) l-[(2M-Butoxycart>onylbiphenyM-yl)meth^ 
boxamide 

20 ml of a 1 N aqueous solution of sodium hydroxide were added to a solution of 297 mg of 1-[(2'-t- 
butoxyca!*onylbiphenyM-yl)methtf [prepared 
as described in step (b) above] in 20 ml of ethanol, and the resulting mixture was heated under reflux for 8 
hours. At the end of this time, the reaction mixture was worked up in a similar manner to that described in 
Example 45(c), to afford 151 mg of the title compound as an amorphous solid. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 5 ppm: 

0.66 (3H, doublet, J = 7 Hz); 

0.85 (3H P triplet, J = 7 Hz); 

1 .01 (3H, doublet, J = 7 Hz); 

1.0- 2.4 (5H, multiplet); 
1.22 (9H, singlet); 

2.59 (2H, triplet, J = 7 Hz); 

4.40 (1H, doublet, J = 7 Hz); 

5.53 & 5.83 (each 1H, AB-quartet, J = 17 Hz); 

6.9- 7.9 (8H, multiplet). 

48(d) 2-Butyl-1-[(2'-carboxybiphenyl-4-yl)methy^ 

Following a procedure similar to that described in Example 45(d), but using 151 mg of H(2'-t-butoxycar- 
bonylbiphenyl-4-yl)memyl>2-butyl-4-(1-hydroxy-2-methylpropyl)-5-carboxamide [prepared as described in 
step (c) above] and 5 ml of a 4 N solution of hydrogen chloride in dioxane, 119 mg of the hydrochloride of the 
title compound were obtained as an amorphous powder, melting at above 131°C (with softening). 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 8 ppm: 

0.73 (3H, doublet, J = 6.5 Hz); 

0.79 (3H P triplet, J = 7.5 Hz); 

0.98 (3H, doublet, J = 6.5 Hz); 

1.1- 1.6 (4H, multiplet); 
1.9-2.1 (1H, multiplet); 
2.98 (2H, triplet, J = 7.5 Hz); 
4.65 (1 H, doublet, J = 8 Hz); 
5.69 (2H, singlet); 

7.1 - 7.8 (8H, multiplet). 

EXAMPLE 49 

1- [2'-Cart>oxybiphenyM-yl)mefr (Compound No. 5- 
4> 

49(a) 1-[(2'-t-Butoxycaiftonylbiphenyl-4^ 

Following a procedure similar to that described in Example 45(a), but using 1 .026 g of 4-butyryl-2-propyli- 
midazole-5-carbonitrile (prepared as described in Preparation 28), 1.91 g of t-butyl 4'-(bromomethyl)biphenyl- 

2- carboxylate and 0.209 g of sodium hydride (as a 55% w/w dispersion in mineral oil) in 20 ml of 
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N,N-dimethylacetamide, 1.70 g of the title compound were obtained as a viscous oil. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 8 ppm: 

1.00 (6H, triplet, J = 7.5 Hz); 
1.25 (9H, singlet); 

1.7- 1.9 (4H, multiplet); 
2.70 (2H, triplet, J = 7.5 Hz); 
2.99 (2H, triplet, J = 7.5 Hz); 
5.31 (2H, singlet); 

7.1 - 7.9(8H,multiplet). 

49(b) H(2'-t-ButoxycarbonylbiphenyM-yl)m 

Following a procedure similar to that described in Example 45(b), but using 1.13 g of H(2'-t-butoxycar- 
bonylbiphenyl^-yl)methylH-butyryl-2-propyiimidazole-5^arbonitrile [prepared as described in step (a) above] 
and 0.091 g of sodium borophydride in 23 ml of ethanol, 1 .07 g of the title compound were obtained as a viscous 
oil. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 8 ppm: 
0.87 (3H, triplet, J = 7.5 Hz); 
0.90 (3H, triplet, J = 7.5 Hz); 
1.17 (9H, singlet); 

1.2- 1.4 (2H, multiplet); 
1.5-1.7 (4H, multiplet); 
2.67 (2H, triplet, J = 7.5 Hz); 
4.58 (1H f multiplet); 

5.34 (2H, singlet); 

5.41 (1H, doublet, J = 4.5 Hz); 

7.1 - 7.7 (8H, multiplet). 

49(c) 1-[(2'-t-Butoxycarbonylbtphenyl^-yl)^ 

1 6 ml of a 1 N aqueous solution of sodium hydroxide were added to a solution of 1 .07 g of 1 -[(2'-t-butoxycar- 
bonylbiphenyl-4-yt)methyl}-4-(1-hydroxybut [prepared as described in step 

(b) above] in 16 ml of ethanol, and the resulting mixture was worked up in a similar manner to that described 
in Example 45(c), to afford 0.82 g of the title compound as an amorphous solid. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 ) 5 ppm: 

0.93 (3H, triplet, J = 7.5 Hz); 

0.95 (3H, triplet, J = 7.5 Hz); 

1.23 (9H, singlet); 

1.2-2.1 (6H, multiplet); 

2.60 (2H, triplet, J = 8 Hz); 

4.89 (1H, triplet, J = 7.5 Hz); 

5.56 & 5.77 (each 1H, AB-quartet, J = 16 Hz); 

7.0 - 7.8 (8H, multiplet). 

49(d) 1-[(2'-Carboxybiphenyl-4-yl)memyl]-^ 

Following a procedure similar to that described in Example 45(d), but using a solution of 0.82 g of 1-[(2'- 
t-butoxycarbonylbiphenyl^yl)memyl]-4-(1 -hydros [prepared as des- 

cribed in step (c) above] in 17 ml of a 4 N solution of hydrogen chloride in dioxane, 0.78 g of the hydrochloride 
of the title compound was obtained as an amorphous powder, melting at 118 - 121 °C (with softening). 
Nuclear Magnetic Resonance Spectrum (CDCf 3 ) 5 ppm: 

0.90 (3H, triplet, J = 7.5 Hz); 

0.93 (3H, triplet, J = 7.5 Hz); 

1.1 - 1.5 (2H, multiplet); 
1.7-2.1 (4H, multiplet); 
2.9-3.1 (2H, multiplet); 
5.00 (1H, triplet, J = 7.5 Hz); 

5.46 & 5.56 (each 1H, AB-quartet, J = 15.5 Hz); 
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7.1 -7.9 (8H, multiplet). 
EXAMPLE 50 

2-Butyl-1-[(2'-carboxybiphenyl^ (Com- 
pound No. 5-69) 

50(a) H(2M-Butoxyrarbonylbiphe^^ 
boxamide 

10 ml of a 1 N aqueous solution of sodium hydroxide were added to a solution of 232 mg of 1-[(2'-t- 
butoxycarbonylbiphenyM-yl)methyl>2-butyl^ (prepared as 

described In Example 10(a)] in 10 ml of ethanol, and the resulting mixture was heated under reflux for 3 hours. 
At the end of this time, the reaction mixture was worked up in a similar manner to that described in Example 
45(c), to afford 185 mg of the title compound as an amorphous solid. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 ) 5 ppm: 

0.89 (3H, triplet, J = 7 Hz); 

1.0-2.0 (4H, multiplet); 

1.23 (9H. singlet); 

1.68 (6H, singlet); 

2.62 (2H, triplet, J = 7 Hz); 

5.63 (2H, singlet); 

6.9 - 7.9 (8H, multiplet). 

50(b) 2-Buty1-1-[(2'-rarboxybiphenyl-4-yl)methyt^ 

Following a procedure similar to that described in Example 45(d), but using 185 mg of 1-[(2'-t-butoxycar- 
bonylbiphenyl^yt)methyl>2-butyW-(1-hydroxy-1-m [prepared as des- 

cribed in step (a) above] and 10 ml of a 4 N solution of hydrogen chloride in dioxane, 88 mg of the hydrochloride 
of the title compound were obtained as an amorphous solid, melting at 130 - 138°C (with softening). 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 5 ppm: 

0.78 (3H, triplet, J = 7 Hz); 

1.17-1.30 (2H, multiplet); 

1.30- 1.42 (2H, multiplet); 

1.61 (6H, singlet); 

2.96 (2H, triplet, J= 7.5 Hz) 

5.55 (2H, singlet); 

7.20 - 7.75 (8H, multiplet). 

EXAMPLE 51 

2-Butyl-1-[(2'-carboxybiphenyl-4-^ 
boxamide (Compound No. 5-333) 

51(a) 1-[(2'-t-ButoxycarbonylbiphenyM-yl^ 
dazole-5-carbonitriie 



Following a procedure similar to that described in Example 45(a), but using 282 mg of 2-butyl-4-[1-hyd- 
roxy-2-methyl(1-methylethyl)propyl]imidazole-5-carbonitrile (prepared as described in Preparation 30), 409 mg 
of t-butyl 4'-(bromomethyl)biphenyl-2-carboxylate and 47 mg of sodium hydride (as a 55% w/w dispersion in 
mineral oil) in 5 ml of N^N-dimethylacetamide, 51 3 mg of the title compound were obtained as a viscous oil. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 ) 5 ppm: 

0.7-1.1 (15H, multiplet); 

1.0-2.0 (4H, multiplet); 

1.21 (9H, singlet); 

2.15 - 2.60 (2H, multiplet); 

2.68 (2H, triplet, J = 7 Hz); 

3.20 (1H, singlet); 
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5.26 (2H, singlet); 

6.9 - 8.0 (8H f multiplet). 

51(b) 1-[(2'-t-Butoxycarbonylbiphenyl-4-yl)meth^ 
dazole-5-carboxamide 

10 ml of a 1 N aqueous solution of sodium hydroxide were added to a solution of 500 mg of 1-[(2'-t- 
butoxycart>onylbiphenyM-y1)memyl^ 

bonitrile [prepared as described in step (a) above] in 10 mi of ethanoi, and the resulting mixture was heated 
under reflux for 20 hours. At the end of this time, the reaction mixture was worked up in a similar manner to 
that described in Example 45(c), to give 220 mg of the title compound as an amorphous solid. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 5 ppm: 

0.7-1.1 (15H, multiplet); 

1.0-2.1 (4H, multiplet); 

1.20 (9H, singlet); 

2.2 - 2.9 (4H f multiplet); 

5.59 (2H, singlet); 

6.8 - 7.9 (8H, multiplet). 

51(c) 2-Butyl-1-[(2'-carooxybiphenyl^yQ^^ 
carboxamide 

Following a procedure similar to that described in Example 45(d), but using 220 mg of H(2'-t-butoxycar- 
bonylbiphenyl-4-yi)methyl^2-butyl-4-[1-hydro^ 

[prepared as described in step (b) above] and 4.5 ml of a 4 N solution of hydrogen chloride in dioxane, 201 mg 
of the hydrochloride of the title compound were obtained as an amorphous solid, melting at 178 - 181°C. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 8 ppm: 

0.76 (3H, triplet, J = 7.5 Hz); 

0.8-0.9 (12H, multiplet); 

1.1 -1.4(4H, multiplet); 

2.2 - 2.4 (2H, multiplet); 
2.8-3.1 (2H, multiplet); 
5.51 (2H, singlet); 

7.2 - 7.8 (8H, multiplet). 

EXAMPLE 52 

2-Butyl-1-[(2'-carooxybiphenyl^yt)memy^ (Compound No. 5-63) 

52(a) Succinimido 1-[(2 , -t-butoxycaii>onylbiphenyl-4-yl)methyl]-2-butyl-4-hydroxymethyiimidazo 
ate 

206 mg of N,N-dicyclohexylcarbodiimide were added to a suspension of 464 mg of H(2'-t-butoxycar- 
bonylbiphenyl-4-yl)methyl}-2-butyl-4-hydroxymethylimidazole-5-carboxylic acid (prepared as described in 
Example 4) and 140 mg of N^ydroxysuccinimide in 10 ml of tetrahydrofuran, and the resulting mixture was 
stirred at room temperature for 1 6 hours. At the end of this time, the material which had precipitated was filtered 
off and the filtrate was concentrated by evaporation under reduced pressure. The concentrate was purified by 
column chromatography through silica gel, using a 1 : 1 5 by volume mixture of methanol and methylene chloride 
as the eluent, to afford 0.52 g of the title compound as crystals, melting at 107 - 109°C. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 ) 5 ppm: 

0.89 (3H, triplet, J = 7 Hz); 

1.0-2.0 (4H, multiplet); 

1.23 (9H, singlet); 

2.70 (2H, triplet, J = 7.5 Hz); 

2.69 (4H, singlet); 

4.10 (1H, broad singlet); 
4.96 (2H f singlet); 
5.56 (2H V singlet); 
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7.00 - 7.90 (8H, multiplet). 

52(b) 1-[(2'-t-Butoxycarbonylbiphenyl^-yl)methy^ 

5 0.5 ml of concentrated aqueous ammonia was added to a solution of 0.60 g of succinimido 1-[(2'-t- 

butoxycart)onylbiphenyW-yl)methyl^ [prepared as described 

in step (a) above] in 6 ml of tetrahydrofuran, and the title compound started to separate immediately. The solvent 
was removed by distillation under reduced pressure, and the resulting residue was washed with diethyl ether 
and with water, to afford 0.38 g of the title compound as a powder, melting at 222 - 224°C. 
10 Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 5 ppm: 
0.85 (3H, triplet, J = 7 Hz); 
1.19 <9H, singlet); 
1.0-1.9 (4H, multiplet); 
2.57 (2H, triplet, J = 7.5 Hz); 
15 4.52 (2H, doublet, J = 4.5 Hz); 

5.63 (2H, singlet); 
5.83 (1 H, triplet, J = 4.5 Hz); 

6.95 - 7.8 (8H, multiplet). 

20 52(c) 2-ButyM-[(2 / -carboxybtphenyl-4-yl)m 

A solution of 0.28 g of 1-[(2'-t-butoxycart>onylbiphenyl-4-yl)me^ 
carboxamide [prepared as described in step (b) above] in 3 ml of a 4 N solution of hydrogen chloride in dioxane 
was stirred at room temperature for 5 hours and then concentrated by evaporation under reduced pressure. 
25 The concentrate was triturated with a mixture of ethyl acetate and diethyl ether, and the solidified material was 
collected by filtration, to afford 0.26 g of the hydrochloride of the title compound, which softened at above 150°C 
and completely decomposed at 235°C. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 6 ppm: 
0.80 (3H, triplet, J = 7.5 Hz); 
30 1 .20 - 1 .31 (2H, multiplet); 

1.43-1.54 (2H, multiplet); 

2.96 (3H, triplet, J » 7.5 Hz); 
4.68 (2H, singlet); 

5.71 (2H, singlet); 
35 7.21 - 7.75 (8H, multiplet). 

EXAMPLE 53 

N-Methyl-2-butyl-1-[(2 f -carboxybiphenyl-4-yl)methyl]-4-hydroxymethylimidazole-5-c 
40 No. 5-71) 

53(a) N-methyl-l-K^-t-butoxycaroonylbipheny^ 
boxamide 

45 0.4 ml of a 40% by volume solution of methylamine in water was added at room temperature to a solution 

of 0.278 g of succinimido 1-[(2'-t-butoxycarbonylbiphenyl^yl)m^ 

carboxylate [prepared as described in Example 52(a)] in a mixture of 3 ml of methylene chloride and 2 ml of 
methanol, and the resulting mixture was allowed to stand for 16 hours at room temperature. At the end of this 
time, the solution was concentrated by evaporation under reduced pressure, and the concentrate was dissolved 
so in ethyl acetate. The resulting solution was washed with an aqueous solution of potassium bisulphate and with 
an aqueous solution of sodium hydrogencarbonate, in that order, after which it was dried over anhydrous mag- 
nesium sulphate. The solvent was then removed by distillation under reduced pressure, and the resulting resi- 
due was purified by column chromatography through silica gel, using ethyl acetate as the eluent, to give 176 
mg of the title compound as a glass. 
55 Nuclear Magnetic Resonance Spectrum (CDCf 3 ) 8 ppm: 

0.85 (3H, triplet, J = 7 Hz); 

1.23 (9H, singlet); 

1.0-2.0 (4H, multiplet); 
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2.54 (2H, triplet, J = 7.5 Hz); 
2.91 (3H ? doublet, J = 5 Hz); 
4.70 (2H, singlet); 

5.62 (2H, singlet); 

6.9 - 7.85 (8H, multiplet); 
8.38 (1H, quartet, J = 5 Hz). 

53(b) N-Methy1-2-butyl-H(2'-c»rboxy^ 

A solution of N-methyM-[(2'-t-butDxycart>onylb^ 
carboxamide [prepared as described in step (a) above] in 2 ml of a 4 N solution of hydrogen chloride in dioxane 
was allowed to stand at room temperature for 16 hours and then concentrated by evaporation under reduced 
pressure. The resulting crystalline residue was washed with a mixture of ethyl acetate and diethyl ether, to afford 
0.15 g of the hydrochloride of the title compound, melting at 205 - 208°C (with decomposition). 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 8 ppm: 

0.81 (3H, triplet, J = 7.5 Hz); 

1.25 (2H, sextet, J = 7.5 Hz); 

1.49 (2H, quintet, J = 7.5 Hz); 

2.75 (3H, doublet, J = 4.5 Hz); 

2.96 (2H, triplet, J = 8 Hz); 

5.64 (2H, singlet); 

7.21 - 7.75 (8H, multiplet); 

8.91 (1 H, quartet, J = 4.5 Hz). 

EXAMPLE 54 

N-Ethoxycarbonylmethyl-2-butyM-[(2'-cart)^ 
boxamide (Compound No. 5-126) 

Following a procedure similar to that described in Example 53, but using 0.307 g of succinimido 1-[(2'-t- 
butoxycarbonylbiphenyl^-yl)methyl]-2-butyW-hydroxymethylimidazole-5-carboxylate [prepared as described 
in Example 52(a)], 89 mg of ethyl glycinate hydrochloride and 0.089 mi of triethytamine, 0.202 g of the hyd- 
rochloride of the title compound was obtained as an amorphous powder, melting at above 80°C (with softening). 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 8 ppm: 

0.80 (3H, triplet, J = 7.5 Hz); 

1.18 (3H, triplet, J = 7 Hz); 

1.20- 1.33 (2H, multiplet); 

1.47 (2H, quintet, J = 7.5 Hz); 

2.94 (2H, triplet, J = 8 Hz); 

4.05 (2H, doublet, J = 6 Hz); 

4.12 (2H, quartet, J = 7 Hz); 

4.72 (2H, singlet); 

5.63 (2H, singlet); 

7.24 - 7.75 (8H, multiplet); 
9.37 (1H, triplet, J = 6 Hz). 

EXAMPLE 55 

N-Carboxymethyl-2-buM-H(2'-cait>oxybipheny^ 
(Compound No. 5-125) 

Following a procedure similar to that described in Example 53, but using 0.32 g of succinimido 1-[(2'-t- 
butoxycarbonylbiphenyM-yl)methyl]-2-butyl-^ [prepared as described 

in Example 52(a)], 0.11 g of t-butyi glycinate hydrochloride and 80 mg of 4-dimethylaminopyridine, 0.21 g of 
the hydrochloride of the title compound was obtained as an amorphous powder, melting at above 1 10°C (with 
softening). 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 8 ppm: 
0.81 (3H, triplet, J = 7.5 Hz); 



123 



EP0 503 785 A1 



1.25 (2H, sextet, J = 7.5 Hz); 
1 .48 (2H f quintet, J = 7.5 Hz); 
2.95 (2H, triplet, J = 8 Hz); 
3.98 (2H, doublet, J = 6 Hz); 
4.71 (2H, singlet); 

5.64 (2H, singlet); 

7.26 - 7.75 (8H, multiplet); 
9.22 (1H, triplet, J =6 Hz). 

EXAMPLE 56 

N-[(SH-Ethoxycarbony1ethy1]^^ 
boxamide (Compound No. 5-128) 

Following a procedure similar to that described in Example 53, but using 0.39 g of succinimido 1-[(2'-t- 
butoxycart>onylbiphenyM-yl)methyl]-2-butyl-4-hydro^ [prepared as described 

in Example 52(a)], 0.13 g of ethyl (S)-alanate hydrochloride and 0.21 ml of triethylamine, 0.27 g of the hyd- 
rochloride of the title compound was obtained as an amorphous solid. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 8 ppm: 

0.82 (3H, triplet, J = 7.5 Hz); 

1.17 (3H, triplet, J = 7 Hz); 

1.20-1.35 (2H, multiplet); 

1.34 (3H, doublet, J = 7 Hz); 

1.43- 1.58 (2H, multiplet); 

2.98 (2H, triplet, J = 7.5 Hz); 

4.10 (2H, quartet, J = 7 Hz); 

4.44 (1H, quintet, J = 7 Hz); 

4.70 (2H, singlet); 

5.63 (2H, AB-quartet, AS = 0.10 ppm, J = 16 Hz); 
7.24 - 7.76 (8H, multiplet); 
9.39 (1H, doublet, J = 7.5 Hz). 

EXAMPLE 57 

N-(2-Ethoxycaroonylethyl)-2-butyM-[(2^ 

boxamide (Compound No. 5-1 30) " 

Following a procedure similar to that described in Example 53, but using 305 mg of succinimido 1-[(2'-t- 
butoxycarbonylbiphenyf-4-yl)methylJ-2^ [prepared as described 

in Example 52(a)], 96 mg of ethyl p-alanate hydrochloride and 0.088 ml of triethylamine, 0.20 g of the hyd- 
rochloride of the title compound was obtained as an amorphous solid. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 6 ppm: 

0.82 (3H, triplet, J = 7.5 Hz); 

1.16 (3H, triplet, J = 7 Hz); 

1.20- 1.38 (2H, multiplet); 

1.42 - 1.58 (2H, multiplet); 

2.97 (2H, triplet, J = 7.5 Hz); 

3.3- 3.6 (4H, multiplet); 

4.04 (2H, quartet, J = 7 Hz); 

4.60 (2H, singlet); 

5.63 (2H, singlet); 

7.21 - 7.76 (8H, multiplet); 

9.01 (1H, broad triplet). 
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EXAMPLE 58 

Methyl (S)-N-{2-butyl-H(2'-cart>oxybiphenyM-yl)meth^ 
(Compound No. 5-335) 

5 

Following a procedure similar to that described in Example 53, but using 529 mg of succinimido 1-[(2'-t- 
butoxycarbonyibiphenyl-4-yl)methyl]-2-but^ [prepared as described 

in Example 52(a)], 1 80 mg of methyl (S)-prolinate hydrochloride and 0.2 ml of triethyl amine, 0.39 g of the hyd- 
rochloride of the title compound was obtained as an amorphous powder, melting at above 120°C (with soften- 
10 ing). 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl suiphoxide) 5 ppm: 
0.88 (3H, triplet, J = 7.5 Hz); 
1 .34 (2H, sextet, J = 7.5 Hz); 
1.4- 2.25 (6H, multiplet); 
15 2.9- 3.7 (2H, multiplet); 

3.64 (3H, singlet); 

4.34 (1 H, triplet, J = 7.5 Hz); 
4.55 (2H, singlet); 

5.25 & 5.56 (each 1H, AB-quartet, J = 15.5 Hz); 
20 7.26 - 7.77 (8H, multiplet). 

EXAMPLE 59 

2-Butyl-1-[(2'-carboxybiphenyl-4-yl)mefo^ (Com- 
25 pound No. 5-68) 

, 59(a) Methyl 1-[(2'-t-butoxycarbonylbiphenyl^yl)methyl}-2-b^ 

5.07 mi of triethyl amine and 6.0 g of sulphur trioxide/pyridine complex were added, in turn, at a temperature 
30 of 10°C to 15°C to a solution of 3.0 g of methyl 1-[(2'-t-butoxycarbonylbiphenyl-4-yl)methyl]-2-butyl-4-hyd- 
roxymethylimidazole-4-carboxylate [prepared as described in Example 1(b)] in 18 ml of dimethyl suiphoxide, 
and the resulting mixture was stirred at the same temperature for 45 minutes. At the end of this time, the reaction 
mixture was mixed with water and extracted with ethyl acetate. The extract was washed with water and with 
an aqueous solution of sodium hydrogencarbonate, in that order, after which it was dried over anhydrous mag- 
35 nesium sulphate, and the solvent was removed by distillation under reduced pressure. The resulting residue 
. was purified by column chromatography through silica gel, using a 1 : 1 by volume mixture of hexane and ethyl 
acetate as the eluent, to afford 2.88 g of the title compound as an amorphous solid. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 6 ppm: 
0.90 (3H, triplet, J = 7 Hz); 
40 1.25 (9H, singlet); 

1.1 -2.1 (4H, multiplet); 
2.77 (2H, triplet, J = 8 Hz); 
3.91 (3H, singlet); 

5.65 (2H, singlet); 

45 6.9 - 7.9 (8H, multiplet); 

10.48 (1H, singlet). 

59(b) Methyl 1 -[(2 / -t-butoxycarbonylbiphenyl-4-yl)methyl]-2-butyl-4-(1 -hydroxy-2,2-dimethylpropyl)imidazole- 
5-carboxylate 

50 

2.77 ml of a 2 M solution of t-butylmag nesium bromide in tetrahydrofuran were added at -55°C and under 
an atmosphere of nitrogen to a solution of 1.32 g of methyl 1-[(2'-t-butoxycarbonylbiphenyl-4-yl)methyl]-2-bu- 
tyl-4-formylimidazole-5-carboxylate [prepared as described in step (a) above] in 26 ml of tetrahydrofuran, and 
the resulting mixture was stirred at a temperature of -55°C to -50°C for 30 minutes. At the end of this time, the 
55 reaction mixture was diluted with 50 ml of ethyl acetate and with a saturated aqueous solution of ammonium 
chloride. The organic layer was separated and dried over anhydrous magnesium sulphate and the solvent was 
removed by distillation under reduced pressure. The residue was purified by column chromatography through 
silica gel, using a 2 : 1 by volume mixture of hexane and ethyl acetate as the eluent to afford 0.87 g of the title 
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compound as an amorphous solid. 

Nuclear Magnetic Resonance Spectrum (CDCl 3 ) 5 ppm: 

0.90 (3H, triplet, J = 7.5 Hz); 

0.93 (9H, singlet); 

1.0- 2.0 (4H, multiplet); 

1.19 (9H, singlet); 

2.68 (2H, triplet, J = 7.5 Hz); 

3.41 (1H, doublet, J = 10 Hz); 

3.74 (3H, singlet); 

4.92 (1H, doublet, J = 10 Hz); 

5.59 (2H, singlet); 

6.9-7.9(8H,multiplet). 

59(c) 1-[(2'-t-Butoxycart)onylbiphen^ 
boxyiic acid 

Following a procedure similar to that described in Example 4, 0.87 g of methyl H(2'-t-butoxycar- 
bonylbiphenyl-4-yl)rrrathylh2-butyl-4-(1-hydroxy^ [prepared as 

described in step (b) above] was hydrolyzed, using 342 mg of lithium hydroxide monohydrate, to afford 0.73 g 
of the title compound as crystals, melting at 199 - 201 °C (with decomposition). 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 5 ppm: 

0.84 (3H, triplet, J = 7.5 Hz); 

0.89 (9H, singlet); 

1.16 (9H, singlet); 

1.22- 1.4 (2H, multiplet); 

1.58 (2H, quintet, J = 7.5 Hz); 

2.64 (2H, triplet, J = 7.5 Hz); 
4.78 (1H, singlet); 

5.68 (2H, AB-quartet, A5 = 0.14 ppm, J = 17 Hz); 

7.02 (2H, doublet, J = 8 Hz); 
7.22 - 7.58 (5H, multiplet); 

7.65 (1H, doublet, J = 7.5 Hz). 

59(d) Succinimido 1-[(2'-t-butoxycarbonylbiphenyl^yl)methyl]-2^ 
dazole-5-carboxylate 

Following a procedure similar to that described in Example 52(a), but using 600 mg of 1-[(2'-t-butoxycar- 
bonylbiphenyl-4-yl)methyl]-2-butyl-4K1-hyd acid [prepared as 

described in step (c) above], 172 mg of N-hydroxysuccinimide and 250 mg of N,N-dicyclohexylcarbodiimide, 
663 mg of the title compound were obtained as an amorphous solid. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 5 ppm: 

0.92 (3H, triplet, J = 7.5 Hz); 

1.01 (9H r singlet); 

1.21 (9H, singlet); 

1.38 (2H, sextet, J = 7.5 Hz); 

1.73 (2H, quintet, J = 7.5 Hz); 

2.71 (2H, triplet, J = 7.5 Hz); 

2.84 (4H, singlet); 

4.99 (1H, doublet, J = 7.5 Hz); 

5.53 (2H, singlet); 

7.03 (2H, doublet, J = 8.5 Hz); 
7.26 - 7.50 (5H, multiplet); 
7.77 (1H, doublet, J = 8 Hz). 

59(e) 1 -[(2'-t-Butoxycarbonylbiphenyl-4-yl)methyl]-2-butyl-4-(1 -hydroxy-2,2-dimethylpropyl)imidazole-5-car- 
boxamide 

Following a procedure similar to that described in Example 52(b), but using 0.66 g of succinimido 1-[(2'-t- 
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butoxycarbonylbiphenyM-yl)m^ [prep- 
ared as described in step (d) above], 0.33 g of the title compound was obtained as an amorphous solid. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 ) 5 ppm: 

0.89 (3H, triplet, J = 7.5 Hz); 

0.96 (9H, singlet); 

1.22 (9H, singlet); 

1.34 (2H, sextet, J = 7.5 Hz); 

1.64 (2H f quintet, J = 7.5 Hz); 

2.62 (2H, triplet, J = 7.5 Hz); 

4.67 (1H, doublet, J = 5.5 Hz); 

5.48 & 5.82 (each 1H, AB-quartet, J = 16 Hz); 

7.02 (2H, doublet, J = 8.5 Hz); 

7.23 - 7.50 (5H, multiplet); 
7.76 (1 H, doublet, J = 6:5 Hz). 

59(f) 2-Butyl-1 -[(2'-carboxybipheny1^yl)methyl]-4-(1 -hydroxy-2,2>dimethylpropyl)imidazole-5-carboxamide 

Following a procedure similar to that described in Example 52(c), but using 326 mg of H(2'-t-butoxycar- 
bonylbiphenyl-4-yl)memylK2-butyl-4-(1-h^ [prepared as 

described in step (e) above], 228 mg of the hydrochloride of the title compound were obtained as a powdery 
solid, melting at 150 - 154°C (with softening). 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 5 ppm: 
0.80 (3H, triplet, J = 7.5 Hz); 
0.91 (9H, singlet); 

1.24 (2H t sextet, J = 7.5 Hz); 
1.45 (2H, quintet, J = 7.5 Hz); 
2.99 (2H, triplet, J = 7.5 Hz); 
4.78 (1H, singlet); 

5.69 (2H, singlet); 
7.21 (2H, doublet, J « 8 Hz); 
7.33 - 7.61 (5H, multiplet); 
7.75 (1H, doublet, J = 8 Hz). 

EXAMPLE 60 

1HK2'-Cait>oxybiphenyl^yl)methy1]-4-(1 -hydra 
(Compound No. 5-6) 

60(a) Diethyl H(2'-t-butoxycgrt)onylbiphenyM-yl)mem^ 

Following a procedure similar to that described in Example 1 (a), but using 9.0 g of diethyl 2-propyl imidazole- 
4,5-dicarboxylate (prepared as described in Preparation 12), 12.3 g of t-butyl 4'-bromomethylbiphenyl-2-car- 
boxylate and 4.1 g of potassium t-butoxide as a base, 1 6.47 g of the title compound were obtained as a viscous 
oil. 

Nuclear Magnetic Resonance Spectrum (CDCf 3 ) 5 ppm: 
0.95 (3H, triplet, J = 7.5 Hz); 
1.5-2.0 (2H, multiplet); 
1.23 (9H, singlet); 

1.25 (3H, triplet, J = 7 Hz); 

1.37 (3H, triplet, J = 7 Hz); 
2.69 (2H, triplet, J = 7 Hz); 

4.26 (2H, quartet, J = 7 Hz); 

4.38 (2H, quartet, J = 7 Hz); 
5.48 (2H, singlet); 
7.0-7.9 (8H, multiplet). 
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60(b) Ethyl 1-[(2'-t-butoxyc»rbonylbiphenyl^yl)m^ 

Following a procedure similar to that described in Example 1(b), 16.47 g of diethyl 1-[(2'-t-butoxycar- 
bonylbiphenyl-4-yl)methyI}-2-propylimidazole-4,5-dicarboxylate [prepared as described in step (a) above] were 
reduced, using 44.4 ml of a 1.5 M solution of diisobutyialu minium hydride in tetrahydrofuran, to afford 10.83 g 
of the title compound as crystals, melting at 1 08 - 1 1 0°C. 
Nuclear Magnetic Resonance Spectrum (CDCS 3 ) 6 ppm: 
0.98 (3H, triplet, J = 7.5 Hz); 

1.23 (9H, singlet); 

1.31 (3H, triplet, J = 7 Hz); 

1.79 (2H, sextet, J = 7.5 Hz); 
2.67 (2H, triplet, J = 7.5 Hz); 
4.27 (2H, quartet, J = 7 Hz); 
4.87 (2H, singlet); 

5.59 (2H, singlet); 

7.00 (2H, doublet, J = 8.5 Hz); 

7.24 - 7.75 (5H, multiplet); 
7.78 (1H, doublet, J = 7 Hz). 

60(c) Ethyl 1 -[(2'-t-butoxycarbonyl biphenyl-4-yl)methyll-4-formyl-2«propyl imidazole-5-carboxylate 

Following a procedure similar to that described in Example 59(a), 2.71 g of ethyl H(2 , -t-butoxycar- 
bonylbiphenyl^yl)methylJ^hydroxymethyl-1-propylimidazole-5-carboxylate [prepared as described in step 
(b) above] were oxidized with 4.6 ml of triethylamine and 5.5 g of sulphur trioxide/pyridine complex in 1 7 ml of 
dimethyl sulphoxide, to afford 2.57 g of the title compound as crystals, melting at 117 - 119°C. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 5 ppm: 

0.99 (3H, triplet, J = 7.5 Hz); 

1.26 (9H, singlet); 

1.38 (3H, triplet, J = 7 Hz); 

1.84 (2H, sextet, J = 7.5 Hz); 

2.73 (2H, triplet, J = 7.5 Hz); 

4.40 (2H, quartet, J = 7 Hz); 

5.67 (2H, singlet); 

7.02 (2H, doublet, J = 8.5 Hz); 
7.29 - 7.54 (5H, multiplet); 

7.80 (1H, doublet, J = 8 Hz); 
10.48 (1H, singlet). 

60(d) Ethyl 1-[(2M-butoxyrari3onylbiphenyl^-yl)meth^ 
5-carboxylate 

Following a procedure similar to that described in Example 59(b), 1.14 g of ethyl H(2'-t-butoxycar- 
bonylbiphenyl-4-yl)methyl]-4-formyl-2-propylimidazole-5-carboxylate [prepared as described in step (c) above] 
was reacted with 2.4 ml of a 2 M solution of t-butyl magnesium bromide in tetrahydrofuran, to afford 0.78 g of 
the title compound as a viscous oil. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 ) 5 ppm: 
0.97 (3H, triplet, J - 7.5 Hz); 
1.00 (9H, singlet); 

1.25 (9H, singlet); 

1.35 (3H, triplet, J = 7 Hz); 
1.77 (2H, sextet, J = 7.5 Hz); 

2.68 (2H, triplet, J = 7.5 Hz); 
3.46 (1H, doublet, J = 9 Hz); 
4.29 (2H, quartet, J = 7 Hz); 
4.99 (1 H, doublet, J = 9 Hz); 
5.62 (2H, singlet); 

7.00 (2H, doublet, J = 8 Hz); 
7.29 - 7.54 (5H, multiplet); 
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7.80 (1H, doublet, J = 7.5 Hz). 

60(e) 1-[(2'-t-Butoxycarbonylbi^ 
boxylicacid 

Following a procedure similar to that described in Example 4, 0.78 g of ethyl 1-[(2'-t-butoxycar- 
bonylbiphenyl^yl)methyl]-4-(1-hydroxy-2,2^ [prepared as 

described in step (d) above] was hydrolyzed, using 209 mg of lithium hydroxide monohydrate, to afford 0.62 g 
of the title compound as crystals, melting at 207°C. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 5 ppm: 
0.88 (3H, triplet, J = 7.5 Hz); 
0.89 (9H, singlet); 
1.15 (9H, singlet); 
1.63 (2H, sextet, J = 7.5 Hz); 
2.63 (2H, triplet, J = 7.5 Hz); 
4.79 (1H, singlet); 

5.63 & 5.76 (each 1 H, AB-quartet, J = 18.5 Hz); 
7.02 (2H, doublet, J = 8 Hz); 

7.22 - 7.67 (6H, multiplet). 

60(f) Succinimido 1-[(2'-t-ButoxycailDonylbiphenyl^yl)meth^ 
dazole-5-carboxylate 

Following a procedure similar to that described in Example 52(a), but using 300 mg of 1 -[(2'-t-butoxycar- 
bonylbiphenyl^yl)methyl}-4-(1-hydroxy-2,2-dim^ acid [prepared as; 

described in step (e) above], 110 mg of N-hydroxysuccinimide and 130 mg of N.N-dicyclohexylcarbodiimide, 
321 mg of the title compound were obtained as an amorphous solid. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 8 ppm; 

0.94 (3H, triplet, J - 7.5 Hz); 

0.98 (9H, singlet); 

1.18 (9H, singlet); 

1 .75 (2H, sextet, J = 7.5 Hz); 

2.64 (2H, triplet, J = 7.5 Hz); 
3.12 (1H, doublet, J = 9.5 Hz); 
4.98 (1H, doublet, J = 9.5 Hz); 

5.52 (2H, singlet); 

7.0 - 7.9 (8H, multiplet). 

60(g) 1-[(2'-t-Butoxycarbonylbiphenyl-4-yl)meth^ 
boxamide 

Following a procedure similar to that described in Example 52(b), but using 0.1 3 g of succinimido 1-[(2'-t- 
butoxycart>onylbiphenyl-4-yl)methyl]-4-(1-h^ [prep- 
ared as described in step (f) above], 0.12 g of the title compound was obtained as a glass. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 ) 5 ppm: 

0.88 (3H, triplet, J = 7.5 Hz); 

0.90 (9H, singlet); 

1.24 (9H, singlet); 

1 .60 (2H, sextet, J = 7.5 Hz); 

2.58 (2H, triplet, J = 7.5 Hz); 

4.65 (1H, doublet, J = 6 Hz); 

5.53 & 5.87 (each 1H, AB-quartet, J = 16 Hz); 
7.02 (2H, doublet, J = 8 Hz); 

7.23 - 7.48 (5H, multiplet); 
7.78 (1H, doublet, J = 6.5 Hz). 
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60(h) 1-[(2'-Carboxybiphenyl-4-yl)methyl}-4-(1-hydroxy^ 
boxamide 

Following a procedure similar to that described in Example 52(c), but using 139 mg of 1-[(2'-t-butoxycar- 
bony lb iphenyl-4-yl)methyl}-4-<1-hydroxy-2, 2-d imethylpropyl)-2-propyl imidazole-5-carboxamide [prepared as 
described in step (g) above], 96 mg of the hydrochloride of the title compound were obtained as a powder, melt- 
ing at above 160°C (with softening). 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulph oxide) 8 ppm: 
0.82 (3H, triplet, J = 7.5 Hz); 
0.90 (9H, singlet); 

1.53 (2H, sextet, J = 7.5 Hz); 
2.97 (2H, triplet, J = 7.5 Hz); 
4.79 (1H, singlet); 

5.69 (2H, singlet); 
7.19- 7.75 (8H, multiplet). 

EXAMPLE 61 

(5-Methyl-2-oxo-1,3-dioxolen-4-yl)methyl 4-(1>hydroxy-1-methylethyl)-2-propyl-1-{4-[2>(tetrazol>5-yl)phe- 
nyl]phenyl}methylimidazole-5-carboxylate (Compound No. 2-17) 

61 (a) (5-Methyl-2-oxo-1 ,3-dioxolen-4-yl)methyl 4^1-hydroxy-1-methylethyl)-2-propyl-1-{4-[2-(trityltetrazol-5- 
yl)phenyl]phenyl)methylimidazole-5-carboxylate 

A suspension of 0.97 g of potassium carbonate in 100 ml of N,N-dimethylacetamide was warmed at 60°C, 
and then a solution of 1.14 g of (5-methyl-2-oxo-1,3-dioxolen-4-yl)methyl 4-(1 -hydroxy- 1-methylethyl)-2- 
propylimidazole-5-carboxylate (prepared as described in Preparation 31) and 2.35 g of 4-[2-(trityltetrazol-5- 
yl)phenyl]benzyl bromide in 50 ml of N,N-dimethylacetamide was added dropwise to the warm suspension, 
whilst stirring. The reaction mixture was stirred at 60°C for 3.5 hours, and it was then diluted with ethyl acetate. 
The ethyl acetate layer was separated, washed with water and dried over anhydrous magnesium sulphate, and 
then the solvent was removed by distillation under reduced pressure. The resulting residue was purified by col- 
umn chromatography through silica gel, using a 1 : 1 by volume mixture of hexane and ethyl acetate as the 
eluent, to give 1 .4 g of the title compound as an amorphous solid. This product was crystallized from diisopropyl 
ether, to give pure title compound, melting at 98 - 99°C (with decomposition). 
Nuclear Magnetic Resonance Spectrum (CDCl 3 ), 8 ppm: 

0.89 (3H, triplet, J .= 7.5 Hz); 

1.62 (6H, singlet); 

1.6-1.75 (2H, multiplet); 

1.97 (3H, singlet); 

2.54 (2H, triplet, J = 8 Hz); 

4.70 (2H, singlet); 
5.30 (2H, singlet); 
5.61 (1H, singlet); 

> 6.68 (2H, doublet, J = 7.5 Hz); 
6.90 - 7.52 (20H, multiplet); 
7.87 (1H, doublet, J = 7.5 Hz). 

61(b) (5-Methyl-2-oxo-1,3-dioxolen-4-yl)methyl 4-(1 -hydroxy- 1-methylethy l)-2-propyl-1-{4-[2-(tetrazol-5- 
yl)phenyl]phenyl)methylimidazole-5-carboxylate 

A mixture of 1.4 g of (5-methyl-2-oxo-1,3-dioxolen-4-yl)methyl 4-(1 -hydroxy-1 -methylethyl)-2-propyl- 1 -{4- 
[2-(trityltetrBzol-5-yt)phenyl]phenyl}methylimidazoie-5-carboxylate [prepared as described in step (a) above] 
and 48 mi of 75% v/v aqueous acetic acid was stirred at 60°C for 1 hour, after which it was concentrated by 
evaporation under reduced pressure. The residue was dissolved in toluene, and the resulting solution was con- 
centrated by distillation under reduced pressure; this was repeated a further time in order to remove the remain- 
ing water and acetic acid. The residue thus obtained was purified by column chromatography through silica 
gel using 1 : 9 and 1 : 4 by volume mixtures of methanol and methylene chloride as the eluent, to give 0.73 g 
of the title compound, melting at 170 - 172°C. 
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Nuclear Magnetic Resonance Spectrum (CDCf 3 ), 8 ppm: 
0.93 (3H, triplet, J = 7.5 Hz); 
1.63 (6H f singlet); 
1.6-1.8 (2H, multiplet); 
2.19 (3H, singlet); 
2.70 (2H, triplet, J = 7.5 Hz); 
5.00 (2H, singlet); 
5.45 (2H V singlet); 
6.83 (2H, doublet, J = 8 Hz); 
7.10 (2H, doublet, J = 8 Hz); 
7.42 - 7.63 (3H, multiplet); 
7.83 (1H, doublet of doublets, J = 1 & 7.5 Hz). 

EXAMPLE 62 

Pivaloyloxymethyl 4-(1-hydroxy-lHTiethylemyl)-2-pro 
5-carboxylate (Compound No. 2-15) 

62(a) Pivaloyloxymethyl 4-(1-hydroxy-1-methylethyl)-2-propyM 
nyl}methylimidazole-5-carboxylate 

Following a procedure similar to that described in Example 61(a), but using 0.85 g of pivaloyloxymethyl 
4-(1-hydroxy-1-methylethyl)-2-propylimidazole-5-carboxylate [prepared as described in Preparation 22(H)], 
1.52 g of 4HP-(trityltetrazol-5ryl)phenyl]benzyt bromide and 0.72 g of potassium carbonate, 1.02 g of the title 
compound were obtained as an amorphous solid. 

The Nuclear Magnetic Resonance spectrum of this compound was identical with that of the compound 
obtained as described in Example 20(a). 

62(b) Pivaloyloxymethyl 4-(1-hydroxy-1-methylethyl)-2-propyM-{4-g^ 
dazole-5-carboxylate 

The pivaioyioxyrriemy14-(1-hydroxy-lHT^ 
midazole-5-carboxylate prepared as described in step (a) above was detritylated following a procedure similar 
to that described in Example 20(b), to give the hydrochloride of the title compound in an 80% yield. 

The melting point and Nuclear Magnetic Resonance spectrum of this compound were identical with those 
of the compound obtained as described in Example 20(b). 

EXAMPLE 63 

Phthalidyl 4-( 1 -hydroxy- 1 -methyl ethyl )-2-propyl-1-{4-[2-(teti^ol-5-yl)phenyl]phenyl}methyllmidazole-5-car- 
boxylate (Compound No. 2-65) 

63(a) Phthalidyl 4-(1-hydroxy-1 -methyl ethyl)-2-propyl-1-{4-[2-(trityltetimol-5-yl)phenyllphenyl)methylimi- 
dazole-5-carboxylate 

Following a procedure similar to that described in Example 61(a), but using 0.456 g of phthalidyl 4-(1-hyd- 
roxy-1 -methyl ethyl )-2-propylimidazole-5-carboxyl ate (prepared as described in Preparation 32), 0.736 g of 4- 
[2-{trityitetrazol-5-yl)phenyl]benzyl bromide and 0.366 g of potassium carbonate, 0.196 g of the title compound 
was obtained, melting at 118 - 120°C. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 ), 6 ppm: 

0.95 (3H, triplet, J = 7.5 Hz); 

1.66 (6H, singlet); 

1.65- 1.80 (2H, multiplet); 

2.60 (2H, triplet, J = 7.5 Hz); 

5.09 (2H, singlet); 

6.92 - 7.56 (27H, multiplet); 

7.93 (1H, doublet of doublets, J = 1 & 8 Hz). 
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63(b) Phthalidyl 4-(1-hydroxy-1-methylethyl)-2-propyl^^ 
carboxytate 

Following a procedure similar to that described in Example 61(b), 0.196 g of phthalidyl 4-(1-hydroxy-1-me- 
myiethyl)-2-propyM-{4-[2-(tritylte^ [prepared as des- 

cribed in step (a) above] was detritylated by heating it with 75% v/v aqueous acetic acid to give 0.1 1 0 g of the 
title compound, melting at 168 - 170°C. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 ), 5 ppm: 

0.92 (3H, triplet, J = 7.5 Hz); 

1.57 (6H, singlet); 

1.60 - 1.77 (2H, multiplet); 

2.65 (2H, triplet, J = 7.5 Hz); 

5.13 (2H. singlet); 

6.91 - 7.57 (12H, multiplet); 

7.80 (1 H, doublet, J = 7.5 Hz). 

EXAMPLE 64 

Isopropoxycarbonyloxymethyl 4-(1 -hydroxy- 1-methyiethyl )-2-propyM«{4-[2-(tetrazoU5"y1)phenyl]phe- 
nyi}methyiimidazole-5-carboxylatB (Compound No. 2-21) — 

64(a) Isopropoxycarbonyloxymethyl 4-(1-hydroxy-1-mem^ 
nyl]phenyl}methylimkJazole-5-carboxylate ~ 

Following a procedure similar to that described in Example 61(a), but using 656 mg of isopropoxycar- 
bonyloxymethyl 4-<1-hydroxy-1-methyiethyl)-2-propyiimidazole-5-carboxylate (prepared as described in Prep- 
aration 33), 1.20 g of 4-[2-(trityltetrazol-5-yi)phenyI]benzyl bromide and 0.51 g of potassium carbonate, 0.78 g 
of the title compound was obtained as a viscous liquid. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 ), 8 ppm: 

0.87 (3H, triplet, J = 7.5 Hz); 

1.24 (6H, doublet, J = 6 Hz); 

1.63 (6H, singlet); 

1.65 - 1.80 (2H, multiplet); 
2.52 (2H, triplet, J « 7.5 Hz); 
4.87 (1H, quintet, J = 6 Hz); 
5.35 (2H, singlet); 

5.42 (1H, singlet); 

5.66 (2H, singlet); 

6.74 - 7.87 (22H, multiplet); 
7.87-7.96 (1H, multiplet). 

64(b) Isopropoxycarbonyloxymethyl 4-(1-hydroxy-1-methyiethyl)-2-propyl-1-{4-[2-(tetrazol-5-yl)phenyl3phe- 
nyi}methylimidazole-5-carboxylate 

Following a procedure similar to that described in Example 61(b), 0.78 g of isopropoxycarbonyloxymethyl 
4-(1 -hydroxy-1 -methylethyl)-2-propyl-1 -{4-[2-(mtyitetrazol-5-yl)phenyi]ph 

[prepared as described in step (a) above] was detritylated by heating it with 75% v/v aqueous acetic acid, to 
give 0.48 g of the title compound as an amorphous solid. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ), 8 ppm: 

0.96 (3H, triplet, J = 7.5 Hz); 

1.21 (6H, doublet, J = 6 Hz); 

1.63 (6H, singlet); 

1 .72 (2H, sextet, J = 7.5 Hz); 

2.60 (2H, triplet, J = 7.5 Hz); 

4.72 (1H, quintet, J = 6.5 Hz); 

5.33 (2H, singlet); 

5.76 (2H, singlet); 

6.77 (2H, doublet, J = 7.5 Hz); 
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6.92 (2H, doublet, J = 7.5 Hz); 
7.37 - 7.60 (3H, multiplet); 
7.87 (1H, doublet, J = 7.5 Hz). 

EXAMPLE 65 

Ethyl 1 -[(2 «t-butoxycarbonylbiphenyl"4-yl)methyl]-2-ethyl-4-(1 -hydroxy-1 -methylethyl)imidazole-5-carboxyl- 
ate (Compound No. 1-130) 

0.337 g of potassium t-butoxide was added to a solution of 0.68 g of ethyl 2-ethyt-4-(1-hydroxy-1-methy- 
lethyi)imidazole-5-carboxylate (prepared as described in Preparation 37) in 7 ml of N,N-dirnethylacetarnide, and 
the resulting mixture was stirred at room temperature for 10 minutes. 1.04 g of t-butyl 4'-bromomethylbiphe- 
nyl-2-carboxylate was then added to the resulting solution, and the reaction mixture was stirred at room tem- 
perature for 4 hours. At the end of this time, it was mixed with ethyl acetate and water. The ethyl acetate layer 
was separated, dried over anhydrous magnesium sulphate and concentrated by evaporation under reduced 
pressure. The residue was purified by column chromatography through silica gel, using a 1 : 1 by volume mixt- 
ure of ethyl acetate and hexane as the eluent, to give 1.32 g of the title compound as a gum. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 ) 5 ppm: 

1.23 (9H, singlet); 

1 .23 (3H, triplet, J = 7.5 Hz); 

1.29 (3H, triplet, J = 7.5 Hz); 

1.63 (6H t singlet); 

2.73 (2H, quartet, J = 7.5 Hz); 

4.26 (2H, quartet, J = 7.5 Hz); 

5.54 (2H, singlet); 

5.73 (1H, singlet); 

6.98 (2H, doublet, J = 8.5 Hz); 

7.5 - 7.9 (6H, multiplet). 

EXAMPLE 66 

Ethyl 1-[(2'-carboxybiphenyl-4-yl)methyl^2-efoyl^ (Com- 
pound No. 1-131) 

Following a procedure similar to that described in Example 7, but using 1.32 g of ethyl 1-[(2 -t-butoxycar- 
bonylbiphenyl^yl)memyl]-2-ethyl-4-(1-hydroxy-1-methylethyl)imidazole-5-carboxylate (prepared as des- 
cribed in Example 65) and a 4 N solution of hydrogen chloride in dioxane, 0.94 g of the hydrochloride of the 
title compound was obtained as an amorphous powder. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 6 ppm: 
1.09 (3H, triplet, J = 7.5 Hz); 

1.15 (3H, triplet, J = 7.5 Hz); 
1.61 (6H, singlet); 

3.03 (2H, quartet, J = 7.5 Hz); 
4.22 (2H, quartet, J = 7.5 Hz); 

5.64 (2H, singlet); 

7.16 (2H :, doublet, J = 8.5 Hz); 
7.32 - 7.75 (6H, multiplet). 

EXAMPLE 67 

1 -[(2'-Carooxybiphenyl-4-y)methyl]-2-ethyl-4-(1 -hydroxy- 1-methylethyl)imidazole-5-carboxylic acid (Com- 
pound No. 1-132) 

Following a procedure similar to that described in Example 17, but using 0.40 g of the hydrochloride of ethyl 
1-T2'-carboxybiphenyl-4-yl)methyl]-2-ethyl-4-^^ (prepared as 

described in Example 66) and 0.18 g of lithium hydroxide monohydrate, 0.25 g of the title compound was 
obtained as an amorphous powder. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 6 ppm: 
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1.17 (3H, triplet, J = 7.5 Hz); 

1.64 (6H, singlet); 

2.85 (2H, quartet, J = 7.5 Hz); 
5.74 (2H, singlet); 
7.10 (2H, doublet, J = 8 Hz); 
7.30 - 7.76 (6H, multiplet). 

EXAMPLE 68 

Ethyl 2-emyl-4-(1-hydroxy-1-methylethy1H^M2-(teta^ 
(Compound No. 2-72) 

68(a) Ethyl 2-ethyl-4-(1 -hydroxy- 1-methytethyl)-1 -{4-[2-(trityltetrazol-5-yl)phenyl3phenyl}methyl imidazole-5- 
carboxylate 

0.52 g of potassium t-butoxide was added to a solution of 1.00 g of ethyl 2-ethyl-4-(1-hydroxy-1-methylet- 
hyl)imidazole-5-carboxylate (prepared as described in Preparation 37) in 26 ml of N,N-dimethylacetamide, and 
the resulting mixture was stirred at room temperature for 10 minutes. A solution of 2.71 g of 4-[2-(trityltetrazol- 
5-yl)phenyl]benzyl bromide in 35 ml of N,N-dimethylacetamide was then added dropwise to the resulting sol- 
ution, after which the reaction mixture was stirred at50°Cfor 4 hours. At the end of this time, the reaction mixture 
was worked up in a similar manner to that described in Example 18(a), to give 2.01 g of the title compound as 
crystals, melting at 150 - 152°C. 

Nuclear Magnetic Resonance Spectrum (CDCf 3 ) 8 ppm: 
1.10 (3H, triplet, J = 7.5 Hz); 

1 . 1 8 (3H, triplet, J = 7.5 Hz); 

1.65 (6H, singlet); 

2.52 (2H, quartet, J = 7.5 Hz); 

4.14 (2H, quartet, J = 7.5 Hz); 

5.35 (2H, singlet); 

5.80 (1H, singlet); 

6.73 (2H, doublet, J = 8.5 Hz); 

6.93 - 7.52 (20H, multiplet); 

7.87 (1H, doublet, J = 7.5 Hz). 

68(b) Ethyl 2-ethyl-4-(1 -hydroxy- 1 -methylethy1)-1 -(4-[2-(tetrazol-5-yl)phenyl1phenyl}methylimidazole-5-car- 
boxylate 

A solution of 1.9 g of ethyl 2-ethyl-4-(1-hydroxy-1^ethylethyl)-1-{4-[2-(tritylteti^ol-5-yl)phenyl]phe- 
ny1}methylimidazole-5-carboxy late [prepared as described in step (a) above] in 28 ml of 75% v/v aqueous acetic 
acid was stirred at 60°C for 2 hours. At the end of this time, the reaction mixture was diluted with 7 ml of water 
and cooled to room temperature. Precipitated trityl alcohol was removed by filtration, and the filtrate was con- 
centrated by evaporation under reduced pressure. The syrupy residue was crystallized in dlisopropyl ether, to 
give 1.21 g of the title compound, melting at 166 - 167°C. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 6 ppm: 

1.14 (3H, triplet, J = 7.5 Hz); 

1 .20 (3H, triplet, J = 7.5 Hz); 

1.48 (6H, singlet); 

2.52 (2H, quartet, J = 7.5 Hz); 

4.19 (2H, quartet, J = 7.5 Hz); 
5.41 (2H, singlet); 

6.79 (2H, doublet, J = 8.5 Hz); 
7.09 (2H, doublet, J = 8.5 Hz); 
7.41 - 7.62 (3H, multiplet); 
7.85 (1H, doublet, J = 7.5 Hz). 
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EXAMPLE 69 

2-Ethyl^(1-hydroxy-1-methylethylH4H^ acid 
(Compound No. 2-68) 

A solution of 0.54 g of lithium hydroxide monohydrate in 10 ml of water was added to a solution of ethyl 
2-emyl^1-hydroxy-1-methy!ethyl)-H^ [prep- 
ared as described in Example 68(b)] in 10 ml of dioxane, and the resulting mixture was stirred at room tem- 
perature for 4 hours. At the end of this time, the dioxane was removed by evaporation under reduced pressure, 
and 12.6 ml of 1N aqueous hydrochloric acid were added to the resulting aqueous residue. Collection of pre- 
cipitated crystals by filtration gave 0.93 g of the title compound, melting at 179 - 181°C. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 8 ppm: 

1 .09 (3H, triplet, J = 7.5 Hz); 

1.55 (6H, singlet); 

2.63 (2H. quartet, J = 7.5 Hz); 

5.65 (2H, singlet); 

6.96 (2H, doublet, J = 8.5 Hz); 

7.03 (2H, doublet, J = 8.5 Hz); 

7.08 - 7.64 (4H, multiplet). 

EXAMPLE 70 

Ethyl 4-(1-hydroxy-1-methylethyl)-2-propyM 
ate (Compound No. 2-7) 

70(a) Ethyl 1-(2'-cyanobiphenyi-4-yl)methy)^(1-hyd 

Following a procedure similar to that as described in Example 68(a), but using 4.01 g of ethyl 4-(1-hyd- 
roxy-1-methylethyl)-2-propylimidazole-5-carboxylate (prepared as described in Preparation 9), 5.0 g of 4'-bro- 
momethylbiphenyl-2-carbonitrile and 1 .97 g of potassium t-butoxide, 6.86 g of the title compound were obtained 
as crystals, melting at 92 - 93°C. 

Nuclear Magnetic Resonance Spectrum (CDCf 3 ) 6 ppm: 
0.97 (3H, triplet, J = 7.5 Hz); 
1.16 (3H, triplet, J = 7 Hz); 
1.65 (6H, singlet); 
1 .74 (2H, sextet, J = 7.5 Hz); 
2.67 (2H, triplet, J = 7.5 Hz); 
4.24 (2H, quartet, J = 7 Hz); 
5.52 (2H, singlet); 
5.77 (1H, singlet); 
7.05 (2H, doublet, J = 8.5 Hz); 
7.42 - 7.67 (5H, multiplet); 
7.76 (1H, doublet, J = 8 Hz). 

70(b) Ethyl 4-(1-hydroxy-1-methylethy1>-2-propyl-1 -{442-(tetrazol-5-yl)phenyl]phenyl}methylimidazole-5-car- 
boxylate 

A solution of 2.00 g of ethyl 1-(2 , -cyanobiphenyl-4-yl)methyl-4-(1-hydroxy-1-methylethyl)-2-propylimi- 
dazoie-5-carboxylate [prepared as described instep (a)above]and 2.00 g of tri butyl tin azidein 15ml of toluene 
was stirred at 100°C for 5 days. At the end of this time, the reaction mixture was concentrated by evaporation 
under reduced pressure, and the residue was dissolved in 30 ml of a 4 N solution of hydrogen chloride in 
dioxane. The solution was allowed to stand at room temperature for 1 6 hours, after which it was concentrated 
by evaporation under reduced pressure. The residue was triturated in diisopropyl ether, to give 2.00 g of the 
hydrochloride of the title compound. 

The Nuclear Magnetic Resonance Spectrum of this compound was identical with that of the compound 
obtained as described in Example 18(b). 
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EXAMPLE 7 1 

Ethyl 4-(1-hydroxy-1-methylethyl)-2-pro 
ate (Compound No. 2-7) 

71 (a) Ethyl 1-{4-[2-(t-butylaminocarbonyl) phenyl] phenyl}methyM-(1 -hydroxy-1-memylethyl)-2-propylimi- 
dazole-5-carboxylate 

Following a procedure similar to that described in Example 68(a), but using 4.16 g of ethyl 4-(1-hydroxy- 
1-methylethyl)-2-propylimidazole-5-carboxylate (prepared as described in Preparation 9), 6.00 g of N-t-butyl- 
4'-bromomethylbiphenyl-2-carboxamide (prepared as described in Preparation 38) and 2.14 g of potassium 
t-butoxide, 5.87 g of the title compound was obtained as crystals, melting at 145 - 146°C. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 8 ppm: 

0.97 (3H, triplet, J = 7.5 Hz); 

1.12 (9H, singlet); 

1.24 (3H. triplet, J = 7 Hz); 

1.64 (6H, singlet); 

1.75 (2H, sextet, J = 7.5 Hz); 
2.66 (2H, triplet, J = 7.5 Hz); 

4.25 (2H, quartet, J = 7 Hz); 
5.03 (1H, singlet); 

5.52 (2H, singlet); 

5.69 (1H, singlet); 

6.98 (2H, doublet, J = 8.5 Hz); 

7.28 - 7.47 (5H, multiplet); 

7.65 (1H, doublet, J = 7 Hz). 

71(b) Ethyl 1-(2'-cyanobiphenyl-4-yl)methyl-4-(1 -hydros 

0.345 ml of oxalyl chloride was added dropwise, whilst ice-cooling, to a solution of 1.00 g of ethyl 1-{4-[2- 
(t-butylaminocaroonyl)phenyI]phenyl}me^ 

[prepared as described in step (a) above) in 10 ml of methylene chloride, and the mixture was stirred at the 
same temperature for 2 hours. At the end of this time, the reaction mixture was diluted with an aqueous solution 
of sodium hydrogencarbonate and ethyl acetate, and the ethyl acetate layer was separated, dried over anhydr- 
ous magnesium sulphate and concentrated by evaporation under reduced pressure. The residue was purified 
by column chromatography through silica gel, using a 1 : 1 by volume mixture of ethyl acetate and hexane as 
the eluent, to give 0.69 g of the title compound as crystals. 

The melting point and Nuclear Magnetic Resonance Spectrum of this compound were identical with those 
of the compound obtained as described in Example 70 (a). 

71(c) Ethyl 4-(1-hydroxy-1-methylemyl)-2^ 
boxylate 

Following a procedure similar to that described in Example 70(b), but using ethyl 1-(2'-cyanobiphenyl-4- 
yl)methyl-4-(1-hydroxy-1-methylethyl)-2-propylimidazole-5-carboxylate [prepared as described in step (b) 
above], the title compound was obtained in a 91% yield. 

The Nuclear Magnetic Resonance Spectrum of this compound was identical with that of the compound 
obtained as described in Example 18(b). 

EXAMPLE 72 

Ethyl 4-(1-hydroxy-1-methylemyl)-2-propyM 
ate (Compound No. 2-7) 

72(a) Ethyl 1-[(2'-t-butoxycarbonylbiphenyM-yl)m^ 
boxylate 

Following a procedure similar to that described in Example 68(a), but using 4.80 g of ethyl 4-(1-hydroxy- 
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1-methylethyl)-2-prQpylimidazole-5-carboxylate (prepared as described in Preparation 9), 6.94 g of t-butyl 4'- 
bromomethylbiphenyl-2-carboxylate and 2.28 g of potassium t-butoxide, 7.50 g of the title compound were 
obtained as crystals, melting at 90 - 91 °C. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 ) 6 ppm: 
0.97 (3H, triplet, J = 7 Hz); 

1.23 (3H, triplet, J = 7 Hz); 
1.25 (9H, singlet); 

1.60 (6H, singlet); 

1.82 (2H, sextet, J = 7 Hz); 

2.67 (2H, triplet, J = 7 Hz); 

4.24 (2H, quartet, J = 7 Hz); 
5.51 (2H, singlet); 

5.72 (1H, singlet); 

6.87 - 7.85 (8H. multiplet). 

72(b) Ethyl 1-[(2'-carooxybiphenyl-4-yt)memylH-(1-h^ 

Following a procedure similar to that described in Example 18(b), but using 0.80 g of ethyl 1-[(2'-t> 
butoxycart)onylbiphenyM-yl)methylH^1-^ [prepared 
as described in step (a) above] and a 4 N solution of hydrogen chloride in dioxane, 0.67 g of the hydrochloride 
of title compound was obtained as an amorphous powder. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulph oxide) 5 ppm; 
0.88 (3H, triplet, J = 7 Hz); 
1.14 (3H, triplet, J = 7 Hz); 
1.50-1.65 (2H, multiplet); 
1.60 (6H, singlet); 
3.00 (2H, triplet, J = 7 Hz); 
4.20 (2H, quartet, J = 7 Hz); 

5.63 (2H, singlet); 
7.13-7.75 (8H. multiplet). 

72(c) Ethyl 1-[(2'-carbamoylbiphenyM-yl)methyl]^ 
ate 

3 ml of oxalyl chloride were added dropwise, whilst ice-cooling, to a solution of 4.00 g of the hydrochloride 
of ethyl 1-[(2'-carboxybiphenyl-4-yl)methyl]-4-(1-hydroxy-1^ 

[prepared as described in step (b) above] in 40 ml of methylene chloride, and the resulting mixture was stirred 
at room temperature for 2 hours. At the end of this time, the reaction mixture was concentrated by evaporation 
under reduced pressure. Benzene was then added to the residue, and the mixture was concentrated again by 
evaporation under reduced pressure, to remove the remaining oxalyl chloride. The crystalline residue was sus- 
pended in 100 ml of ethyl acetate and mixed with 15 ml of concentrated aqueous ammonia, whilst ice-cooling, 
and then the mixture was stirred at room temperature for 10 minutes. The ethyl acetate layer was separated, 
washed with water, dried over an hydrous magnesium sulphate and concentrated by evaporation under reduced 
pressure. The crystalline residue was then washed with diisopropyl ether, to give 2.97 g of the title compound, 
melting at 148- 151 °C. 

Nuclear Magnetic Resonance Spectrum (CDCl 3 ) 8 ppm: 
0.96 (3H, triplet, J = 7.5 Hz); 
1.19 (3H, triplet, J = 7 Hz); 

1.64 (6H, singlet); 

1.73 (2H, sextet, J = 7.5 Hz); 

2.65 (2H, triplet, J = 7.5 Hz); 
4.24 (2H, quartet, J = 7 Hz); 
5.36 (1H, broad singlet); 
5.49 (2H, singlet); 

5.66 (1H, broad singlet); 
5.76 (1H. singlet); 

6.99 (2H, doublet, J = 8 Hz); 
7.32 - 7.53 (5H, multiplet); 
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72(d) Ethyl 1-(2'K:yanobiphenyl^-yl)methylH^1-hydro^ 

5 264 \A of trifluoroacetic anhydride were added, whilst cooling on a bath containing a mixture of ice and 

sodium chloride, to a solution of 0.70 g of ethyl 1-[(2'-carbamoylbiphenyl-4--yl)methy!]-4-(1-hydroxy-1-methy- 
lethyl)-2-propylimidazole-5-carboxylate [prepared as described in step (c) above] and 0.43 ml of triethylamine 
in 7 ml of methylene chloride, and the resulting mixture was stirred at the same temperature for 30 minutes. At 
the end of this time, the reaction mixture was diluted with an aqueous solution of sodium hydrogencarbonate 

10 and ethyl acetate, and the ethyl acetate layer was separated, dried over anhydrous magnesium sulphate and 
concentrated by evaporation under reduced pressure. The residue was purified by column chromatography 
through silica gel, using a 1 : 1 by volume mixture of ethyl acetate and hexane as the eluent, to give 0.60 g of 
the title compound as crystals. 

The melting point and Nuclear Magnetic Resonance Spectrum of this compound were identical with those 

is of the compound obtained as described in Example 70 (a). 

72(e) Ethyl 4-(1-hydroxy-1-methylethyl)-2-propyl-1 -(4-[2-(tetrazol-5-yl)phenyl}phenyl}methylimidazole-5-car> 
boxylate 

20 Following a procedure similar to that described in Example 70(b), but using ethyl 1-(2'-cyanobiphenyl-4- 

yl)methyl^(1-hydroxy-1-methylemyl>2-propylimidazole-5-carboxylate [prepared as described in step (d) 
above] the title compound was obtained in a 90% yield. 

The Nuclear Magnetic Resonance Spectrum of this compound was identical with that of the compound 
obtained as described in Example 18(b). 

EXAMPLE 73 

Pivaloyloxymethyl 4-(1-hydroxyethyl)-2-propyl-M4^ 
boxylate (Compound No.4-31) 

30 

73(a) Pivaloyloxymethyl 4-(1-hydroxyethyl)-2-propyl-1-{4-[2-(tr^^ 
dazole-5-carboxylate " — t - 

A solution of 196 mg of lithium hydroxide monohydrate in 15 ml of water was added to a solution of 2.87 
35 g of ethyl 4-( 1-hydroxyethyl)-2-propy H -{4-[2-(trityltetrazol-5-yl) phenyl] phenyl}methylimidazole-5-carboxylate 
[prepared as described in Example 42(a)] in 30 ml of dioxane, and the resulting mixture was stirred at room 
temperature for 16 hours. At the end of this time, small pieces of dry ice were added to the mixture, which was 
then concentrated by evaporation under reduced pressure to dryness. The residue was dissolved in 40 ml of 
N,N-dimethylacetamide, and 0.45 g of potassium carbonate and then 1 .1 mi of pivaloyloxymethyl chloride were 
40 added to the solution. The resulting mixture was stirred at 50°C for 3 hours. At the end of this time, water and 
ethyl acetate were added to the reaction mixture, and the ethyi acetate layer was separated, dried over anhydr- 
ous magnesium sulphate and concentrated by evaporation under reduced pressure. The residue was purified 
by column chromatography through silica gel, using a 1 : 1 by volume mixture of ethyl acetate and hexane as 
the eluent, to give 2.41 g of the title compound as an amorphous powder. 
45 Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 6 ppm: 
0.88 (3H, triplet, J = 7.5 Hz); 
1.17 (9H, singlet); 
1.50 (3H, doublet, J = 6 Hz); 
1.69 (2H, sextet, J = 7.5 Hz); 
so 2.51 (2H, triplet, J = 7.5 Hz); 

3.62 (1H, doublet, J = 8 Hz); 
5.17-5.29 (1H, multiplet); 
5.37 (1H, doublet, J = 16.5 Hz); 
5.46 (1H, doublet, J = 16.5 Hz); 
55 5.77 (1H, doublet, J = 5.5 Hz); 

5.82 (1H, doublet, J = 5.5 Hz); 
6.75 (2H, doublet, J = 8.5 Hz); 
6.92 - 7.89 (20H, multiplet); 
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7.90 (1 H, doublet, J = 7.5 Hz). 

73(b) Pivaloyloxymethyl 4-(1 -hydroxy ethyl)-2^ropyl-H4-[2^tetraz^^ 
carboxylate 

Following a procedure similar to that described in Example 35(c), but using 2.87 g of pivaloyioxymethyl 
4-(1-hydroxyethyl)-2-propyl-H4-^ [prepared 
as described in step (a) above] and 75% v/v aqueous acetic acid, 1.21 g of the title compound was obtained 
as a powder. 

Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 6 ppm: 
0.90 (3H, triplet, J = 7.5 Hz); 
1.13 (9H, singlet); 
1 .43 (3H, doublet, J = 6.5 Hz); 
1.67 (2H, sextet, J = 7.5 Hz); 
2.55 (3H, triplet. J = 7.5 Hz); 
5.16 (1H. quartet, J = 6.5 Hz); 
5.40 (1H, doublet, J = 16.5 Hz); 
5.51 (1H, doublet, J = 16.5 Hz); 
5.80 (1H, doublet, J = 6 Hz); 

5.85 (1H, doublet, J = 6 Hz); 

6.86 (2H, doublet, J = 8 Hz); 

7.08 (2H, doublet, J = 8 Hz); 
7.40 - 7.61 (3H, multiplet); 
7.92 (1H, doublet, J = 7.5 Hz). 

EXAMPLE 74 

4-(1-Hydroxy-2,2Klimethylpropyt)-2-propy^ 
boxamide (Compound No. 5-37) 

74(a) 2-Propyl-4-pivaloyt-1-{4-[2-(mtyltetra^^ 

1.08 g of potassium. t-butoxide was added, whilst ice-cooling, to a solution of 2.00 g of 2-propyl-4-pivaloyli- 
midazole-5-carbonitrile (prepared as described in Preparation 41) in 20 ml of N,N-dimethylacetamide, and the 
resulting mixture was stirred at same temperature for 1 0 minutes. 6.1 0 g of 4-[2-(trityltetrazol-5-yl)phenyl] benzyl 
bromide were then added to the solution, and the resulting mixture was stirred at 50°C for 4 hours. At the end 
of this time, ethyl acetate and water were added to the mixture, and the ethyl acetate layer was separated, dried 
over anhydrous magnesium sulphate and concentrated by evaporation under reduced pressure. The syrupy 
residue was purified by column chromatography through silica gel, using 1 : 3 and 1 : 2 by volume mixtures of 
ethyl acetate and hexane as the eluent, to give 5.44 g of the title compound as crystals, melting at 1 07 - 1 1 0°C. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 ) 5 ppm: 

0.92 (3H, triplet, J = 7.5 Hz); 

1.42 (9H, singlet); 

1.72 (2H, sextet, J ■ 7.5 Hz); 

2.50 (2H, triplet, J = 7.5 Hz); 

5.09 (2H, singlet); 

6.92 (2H, doublet, J = 8 Hz); 
7.13 - 7.53 (20H, multiplet); 
7.95 (1H, doublet J = 7 Hz). 

74(b) 4-(1-Hydroxy-2,2-dimethylpropyl)-2-propyM 
carbon itrile 

A solution of 1 08 mg of sodium borohydride in 20 ml of ethanol was added to a solution of 2.00 g of 2-pro- 
pyl^pwaloyl-H4-[2-(trityltetraz^ [prepared as described 

in step (a) above] in 40 ml of tetrahydrofuran, and the mixture was stirred at room temperature for 2.5 hours. 
At the end of this time, the reaction mixture was concentrated by evaporation under reduced pressure, and the 
residue was dissolved in a mixture of ethyl acetate and water. The ethyl acetate layer was separated, washed 
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with water, dried over anhydrous magnesium sulphate and concentrated by evaporation under reduced press- 
ure. The syrupy residue was crystallized in a 1 : 4 by volume mixture of ethyi acetate and hexane, to give 1 .93 
g of the title compound as crystals, melting at 1 15 - 1 17°C. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 ) 5 ppm: 
5 0.87 (3H, triplet, J = 7.5 Hz); 

0.99 (9H, singlet); 

1.64 (2H, sextet, J = 7.5 Hz); 

2.49 (2H, triplet, J = 7.5 Hz); 

2.76 (1H, doublet, J = 7.5 Hz); 
10 4.46 (1H, doublet, J = 7.5 Hz); 

5.04 (2H, singlet); 

6.85 - 7.53 (22H, multiplet); 

7.95 (1 H, doublet, J = 7.5 Hz). 



15 7 4(c) 4-(1-Hydroxy-2,2-dimethylpropyI)-2-propyl-1-{4-[2-<te^ 
bonitrile 

A suspension of 1.65 g of 4-(1-hydroxy-2,2<limemylpropyl)-2-propyl-1^4-[2-(trityltetrazol-5-yl)phenyl]phe- 
nyl}methylimidazole-5-carbonitrile [prepared as described in step (b) above] in 24 ml of 75% v/v aqueous acetic 
20 acid was stirred at 60°C for 2 hours. At the end of this time, 6 ml of water was added to the reaction mixture, 
which was then cooled with ice. The trityl alcohol which precipitated was removed by filtration, and the filtrate 
was concentrated by evaporation under reduced pressure, to give 1.07 g of the title compound as a glass. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 ) 6 ppm: 
0.87 (3H, triplet, J = 7.5 Hz); 
25 0.92 (9H, singlet); 

1 .63 (2H, sextet, J = 7.5 Hz); 
2.58 (2H, triplet, J = 7.5 Hz); 
4.36 (1H, singlet); 
5.15 (2H. singlet); 
so 7.00 (2H, doublet, J = 8 Hz); 

7.07 (2H. doublet, J = 8 Hz); 
7.30 - 7.61 (3H, multiplet); 
7.80 (1H. doublet, J = 7.5 Hz). 

35 74(d) 4-(1-Hydroxy-2,2-dimethylpropyl)-2-propyl-1-{4-[2-(te^ 
boxamide 



A mixture of 0.70 g of 4-(1-hydroxy-2,2-dimethylpropyl)-2-propyl-1-{4-[2-(tetrazol-5-yl)phenyl]phe- 
nyl}methyiimidazole-5-carbonitrile [prepared as described in step (c) above] in 14 ml of 1 N aqueous sodium 
40 hydroxide and 7 ml of ethanol was heated under reflux for 2 hours. At the end of this time, the ethanol in the 
reaction mixture was removed by evaporation under reduced pressure, and ethyl acetate and 14 ml of 1 N 
aqueous hydrochloric acid were added to the residue. The ethyl acetate layer was separated, dried over anhydr- 
ous magnesium sulphate and concentrated by evaporation under reduced pressure, to give 0.45 g of the title 
compound as a powder, melting at 174 - 176°C. 
45 Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 5 ppm: 
0.83 (3H, triplet, J = 7.5 Hz); 
0.88 (9H, singlet); 
1.44-1.63 (2H, multiplet); 

2.46 (2H, triplet, J = 7.5 Hz); 
so 4.45 (1H, singlet); 

5.39 (1H, doublet, J = 16 Hz); 
5.77 (1H, doublet, J = 16 Hz); 
6.20 (1 H, doublet, J = 4.5 Hz); 
6.91 (2H, doublet, J = 8.5 Hz); 
55 7.04 (2H, doublet, J = 8.5 Hz); 

7.47 - 7.63 (4H, multiplet); 



140 



EP 0 503 785 A1 



EXAMPLE 75 

2-Butyl^(1-hydroxy-2 y 2^imethylpropylH 
boxamide (Compound No. 5-99) 

75(a) 2-Butyl-4-pivaloyl-1-{4-[2-(mtyltet^ 

Following a procedure similar to that described in Example 74(a), but using 2.04 g of 2-butyl-4-pivaloylh 
midazole-5-carbonitrile (prepared as described in Preparation 40), 5.6 g of 4-[2-(trityltetra2ol-5-yi)phenyl] benzyl 
bromide and 1 .06 g of potassium t-butoxide, 5.43 g of the title compound were obtained as crystals, melting at 
103-105°C. 

Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 6 ppm: 
0.88 (3H, triplet, J = 7.5 Hz); 
1.32 (2H, sextet, J = 7.5 Hz); 
1.41 (9H, singlet); 
1.66 (2H, quintet, J = 7.5 Hz); 
2.53 (2H, triplet, J = 7.5 Hz); 

5.09 (2H. singlet); 

6.91 - 7.50 (22H, multiplet); 
7.96 (1H, doublet, J = 7.5 Hz). 

75(b) 2-Butyl^(1-hydroxy-2,2-dimethylpropyl)-1^ 
carbonrtrile 

Following a procedure similar to that described in Example 74(b), but using 4.03 g of 2-butyl-4-pivaloy1-1- 
{4-[2-(trityltetraol-5-yl)ph [prepared as described in step (a) above] 

and 0.22 g of sodium borohydride, 3.79 g of the title compound was obtained as crystals, melting at 134 - 1 35°C. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 6 ppm: 

0.85 (3H, triplet, J = 7.5 Hz); 

0.99 (9H, singlet); 

1.27 (2H, sextet, J = 7.5 Hz); 
2.52 - 2.67 (2H, multiplet); 
2.51 (2H, triplet, J = 7.5 Hz); 
2.74 (1H, doublet, J ■ 7.5 Hz); 
4.45 (1H, doublet, J = 7.5 Hz); 
5.04 (2H. singlet); 

6.85 - 7.53 (22H, multiplet); 
7.95 (1H, doublet, J = 7.5 Hz). 

75(c) 2-Butyt^(1-Hydroxy-2,2-dimemylpropy^ 
bonitrile 

Following a procedure similar to that described in Example 74(c), but using 1.00 g of 2-butyl-4-(1-hydroxy- 
2,2-dimethylpropyl)-1-{4^2-(OT"tyltetra^ [prepared as des- 

cribed in step (b) above] in 75% v/v aqueous acetic acid, 0.65 g of the title compound was obtained as a glass. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 ) 5 ppm: 

0.91 (3H, triplet, J = 7.5 Hz); 

0.96 (9H, singlet); ; 

1.28 - 1.42 (2H, multiplet); 
1.58-1.74 (2H, multiplet); 
2.69 (2H, triplet, J = 7.5 Hz); 
4.40 (1H, singlet); 

5.21 (2H, singlet); 

7.10 - 7.32 (4H, multiplet); 
7.43 - 7.65 (3H, multiplet); 
8.06 (1H, doublet, J = 8 Hz). 
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75(d) 2-Butyl^(1-hydroxy-2 t 2^imethylpropy^ 
boxamide 

Following a procedure similar to that described in Example 74(d), but using 0.34 g of 2-butyl-4-(1-hydroxy- 
2,2-dimethylpropylH^4^^tetra*ol-5^ [prepared as described 

in step (c) above] in a 1 N aqueous solution of sodium hydroxide, 0.30 g of the title compound was obtained 
as a powder, melting at 157 - 160°C. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 5 ppm: 
0.79 (3H, triplet, J = 7.5 Hz); 
0.88 (9H, singlet); 
1.16 - 1.30 (2H, multiplet); 
1.39- 1.54 (2H, multiplet); 
2.59 (2H, triplet, J = 7.5 Hz); 
4.51 (1H, singlet); 
5.46 (1H, doublet, J = 16 Hz); 
5.73 (1H, doublet, J = 16 Hz); 

6.21 (1H, doublet, J = 4.5 Hz); 
6.97 (2H, doublet, J = 8.5 Hz); 
7.06 (2H, doublet, J = 8.5 Hz); 
7.51 - 7.70 (4H, multiplet). 

EXAMPLE 76 

4-(1-Hydroxy-2-methylpropyl)-2-propyl-1-{^ 
(Compound No. 5-36) 

76(a) 4-lsobutyiyl-2-propyM-{4-[2-(tritylteto 

Following a procedure similar to that described in Example 74(a), but using 0.97 g of 4-isobutyryl-2-propyli- 
midazole-5-carbonrtrile (prepared as described in Preparation 39), 2.90 g of 4-[2-(trityltetrazol-5-yl)phenyl] ben- 
zyl bromide and 0.56 g of potassium t-butoxide, 1.90 g of the title compound was obtained as crystals, melting 
at133-134°C. 

Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 5 ppm: 
0.91 (3H, triplet, J = 7.5 Hz); 

1.22 (6H, doublet, J = 6.5 Hz); 
1.69 (2H, sextet, J = 7.5 Hz); 
2.54 (2H, triplet, J = 7.5 Hz); 
3.64 (1H, quintet, J = 6.5 Hz); 
5.12 (2H. singlet); 

6.7- 8.0 (23H, multiplet). 

76(b) 4-(1-Hydroxy-2-methylpropyl)-2-propy^ 
bonitrile 

Following a procedure similar to that described in Example 74(b), but using 1.60 g of 4-isobutyryl-2-pro- 
pyM^4_[2^trityltetraol-5-yl)^ [prepared as described in step (a) 

above] and 0.13 g of sodium borohydride, 1.50 g of the titie compound was obtained as crystals, melting at 
154-155*C. 

Nuclear Magnetic Resonance Spectrum (CDCf 3 ) 5 ppm: 
0.87 (3H, triplet, J = 7.5 Hz); 
0.94 (3H, doublet, J = 6.5 Hz); 
1 .00 (3H, doublet, J = 6.5 Hz); 
1.66 (2H, sextet, J = 7.5 Hz); 
2.12 (1H, sextet, J = 6.5 Hz); 
2.50 (2H, triplet, J = 7.5 Hz); 
4.54 (1 H, doublet, J = 6 Hz); 
5.04 (2H, singlet); 
6.85 - 6.95 (6H, multiplet); 
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7.14 (2H, doublet, J = 8.5 Hz); 
7.23 - 7.53 (1 4H, multiplet); 
7.94 (1 H, doublet, J = 7.5 Hz). 

76(c) 4-(1-Jj^droxy-2-n^ 
rile 

Following a procedure similar to that described in Example 74(c), but using 1.36 g of 4-(1-hydroxy-2-methyl- 
propyO-2-propy1-H4-[2-(trityltetra [prepared as des- 

cribed in step (b) above] in 75% v/v aqueous acetic acid, 0.87 g of the title compound was obtained as a glass. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 ) 8 ppm: 

0.77 (3H, doublet, J = 6.5 Hz); 

0.81 (3H, triplet, J = 7.5 Hz); 

0.93 (3H, doublet, J = 6.5 Hz); 

1.54 (2H, sextet, J = 7.5 Hz); 
1.92-2.07 (1H. multiplet); 

2.55 (2H, triplet, J = 7.5 Hz); 
4.33 (1H, doublet, J = 7.5 Hz); 
5.12 (2H, singlet); 

6.96 - 6.99 (4H, multiplet); 
7.35 - 7.69 (3H, multiplet); 
7.71 (1 H, doublet, J = 7.5 Hz). 

76(d) 4-(1^ydroxy-2-memylpropyl)-2-propyl-1-{^^ 
boxamide 

Following a procedure similarto that described in Example 74(d), but using 0.90 g of 4-(1-hydroxy-2-methyl- 
propyl)-2-propyl-1^4-[2-(tetrazo^yl)ph [prepared as described in 

step (c) above] in a 1 N aqueous solution of sodium hydroxide, 0.64 g of the title compound was obtained as 
a powder, melting at 153 - 157°C. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulph oxide) 5 ppm: 
0.69 (3H, doublet; J = 6.5 Hz); 
0.81 (3H, triplet, J = 6.5 Hz); 
0.99 (3H, triplet, J = 6.5 Hz); 
1.49 (2H, sextet, J = 7.5 Hz); 
2.05 (1 H, quintet, J= 6.5 Hz); 
2.68 (2H, triplet, J = 7.5 Hz); 
4.45 (1H, doublet, J = 7.5 Hz); 
5.55 (1 H, doublet, J = 16.5 Hz); 
5.70 (1H, doublet, J = 16.5 Hz); 
7.02 (2H, doublet, J = 8.5 Hz); 
7.08 (2H, doublet, J = 8.5 Hz); 
7.51 - 7.71 (4H, multiplet); 

EXAMPLE 77 

2-Butyi-4-(1-hydroxy-2-mefrylpropyl)-1^4^^ 
(Compound No. 5-98) 

77(a) 2-Butyl^isobutyryl-1-{4-[2-(trityltetra 

Following a procedure similar to that described in Example 74(a), but using 1.42 g of 2-butyl-4-isobutyryli- 
midazole-5-carbonitrile (prepared as described in Preparation 27), 4.49 g of 4-[2-(trityitetrazol-5-yl) phenyl] ben- 
zyl bromide and 0.76 g of potassium t-butoxide, 3.04 g of the title compound was obtained as crystals, melting 
at115-116°C. 

Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 6 ppm: 
0.87 (3H, triplet, J = 7.5 Hz); 
1.22 (6H, doublet, J= 6.5 Hz); 
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1.31 (2H. sextet, J= 7.5 Hz); 

1.63 <2H, quintet, J = 7.5 Hz); 
2.57 (2H, triplet, J = 7.5 Hz); 

3.64 (1H, septet, J= 7.5 Hz); 
5.11 (2H, singlet); 

6.90 - 7.52 (22H, multiplet); 
7.96 (1H, doublet, J = 9 Hz). 

77(b) 2-Butyl-4~(1-hydroxy-2-methytpropyl)-H4-[2-(^ 
bonitrile 

Following a procedure similar to that described in Example 74(b), but using 2.00 g of 2-butyl-4-isobutyryl- 
1^4-P^trityltetrazol-5-yl)phenyn^ [prepared as described in step (a) 

above] and 0.22 g of sodium borohydride, 1.68 g of the title compound was obtained as crystals, melting at 
127 - 128°C. 

Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 6 ppm: 
0.85 (3H, triplet, J = 7.5 Hz); 
0.93 (3H, doublet, J = 6.5 Hz); 
1 .00 (3H, doublet, J = 6.5 Hz); 
1.26 (2H, sextet, J = 7.5 Hz); 
1.59 (2H, quintet, J = 7.5 Hz); 

2.13 (1H, sextet, J = 6.5 Hz); 

2.52 (2H, triplet, J = 7.5 Hz); 

4.53 (1H, doublet, J = 6 Hz); 

5.04 (2H, singlet); - 

6.85 - 7.52 (22H, multiplet); 
7.95 (1H, doublet, J = 9 Hz). 

77(c) 2-Butyl^(1-Hydroxy-2-methylpropyl)-1^ 
rile 

Following a procedure similar to that described in Example 74(c), but using 1 .29 g of 2-butyl-4-(1-hydroxy- 
2-methylpropyl)-1 ^442-(mtyltetrazol-5-yl)phenyl]phenyl}methylimidazole-5-carbonitrile [prepared as des- 
cribed in step (b) above] in 75% v/v aqueous acetic acid, 0.83 g of the title compound was obtained as a glass. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 ) 8 ppm: 

0.81 (3H. doublet, J = 6.5 Hz); 

0.83 (3H, triplet, J = 7.5 Hz); 

0.95 (3H, doublet, J = 6.5 Hz); 

1.26 (2H, sextet, J = 7.5 Hz); 

1.54 (2H, quintet J= 7.5 Hz); 
1.97-2.09 (1H, multiplet); 
2.59 (2H, triplet, J = 7.5 Hz); 
4.37 (1H, doublet, J = 6.5 Hz); 

5.14 (2H, singlet); 

6.98 (2H, doublet, J = 8.5 Hz); 

7.05 (2H, doublet, J = 8.5 Hz); 

7.32 - 7.60 (3H, multiplet); 

7.77 (1H, doublet, J = 7.5 Hz). 

77(d) 2-Butyl-4-(1-hydroxy-2-methylpropy1)-H^ 
boxamide 

Following a procedure similar to that described in Example 74(d), but using 0.34 g of 2-butyl-4-(1-hydroxy- 
2-methylpropyl)-1^4^2-(tetrazol-5-yl)ph [prepared as described in 

step (c) above] in a 1 N aqueous solution of sodium hydroxide, 0.24 g of the title compound was obtained as 
a powder, melting at 155 - 157°C. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide) 6 ppm: 
0.69 (3H, doublet, J = 6.5 Hz); 
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0.79 (3H, triplet, J = 7.5 Hz); 

0.93 (3H, doublet, J = 6.5 Hz); 

1.22 (2H, sextet, J = 7.5 Hz); 

1.45 (2H, quintet, J= 7.5 Hz); 
5 2.00- 2.12 (1H, multiplet); 

2.65 (2H, triplet, J = 7.5 Hz); 

4.41 (1 H, doublet, J = 8 Hz); 

5.53 (1H, doublet, J = 16 Hz); 

5.71 (1H, doublet, J = 16 Hz); 
10 7.00 (2H, doublet, J = 8.5 Hz); 

7.07 (2H, doublet, J = 8.5 Hz); 

7150 - 7.71 (4H, multiplet). 

EXAMPLE 78 

15 

(5-Methyl-2-oxo-1,3-dioxolen-4-yl)methyl 4^1-hydroxy-lHTiethylethyl)-2"propyl-H4-[2-(tetrazol-5-yl)phe- 
nyl]phenyl}methylimidazole-5-carboxytate (Compound No. 2-17) 

78(a) (5-Methyl-2-oxo-1 t 3-dioxolen-4-yl)methyl 4^1-hydroxy-1^ethylethyl)-2-propyl-H4-[2-(trityltetrazol-5- 
20 yl)phenyl]phenyl}methylimidazole-5-carboxylate 

A solution of 2.65 g of lithium hydroxide monohydrate in 1 58 ml of water was added, whilst ice-cooling, to 
a solution of 30 g of ethyl 4-(1-hydroxy-1-methylemyl)-2-propyl-H^ 

nyl}methylimidazole-5-carboxylate [prepared as described in Example 18(a)] in 344 ml of dioxane, and the 
25 resulting mixture was stirred at 5 - 1 0°C for 20 hours. At the end of this time, small pieces of dry ice were added 
to the mixture, which was then concentrated by evaporation under reduced pressure to a volume of about 100 
ml. Ethyl acetate and sodium chloride were added to the concentrate, and the mixture was stirred. The ethyl 
acetate layer was separated, dried over anhydrous sodium sulphate and concentrated by evaporation under 
reduced pressure, to give lithium 4^1-hydroxy-1-methylethyl)-2-propy1-H 
30 nyl}methyiimidazole-5-carboxylate as a glass. 6.08 g of potassium carbonate were added, whilst ice-cooling, 
to a solution of whole of this lithium carboxylate in 160 ml of N,N-dimethylacetamide, and then a solution of 
11.2 g of 4-chloromethyl-5-methyl-2-oxo-1,3-dioxolene (74% purity) in 26 ml of N,N-dimethylacetamide was 
added dropwise, whilst ice-cooling, to the mixture. The resulting mixture was stirred at 50°C for 3 hours. At the 
end of this time, water and ethyl acetate were added to the reaction mixture, and the ethyl acetate layer was 
35 separated, dried over anhydrous magnesium sulphate and concentrated by evaporation under reduced press- 
ure. The residue was crystallized in diiso propyl ether, to give 29.3 g of the title compound as crystals, melting 
at 98 - 100°C (with decomposition). 

The Nuclear Magnetic Resonance Spectrum of this compound was identical with that of the compound 
obtained as described in Example 61(a). 

40 

78(b) (5-Methyl-2-oxo-1 ,3-dioxolen-4-yl)methyl 4-(1-hydroxy-1-methylethyl)-2-propyl-1-{4-[2-(tetrazol-5- 
yl)phenyl]phenyl)methylimidazole-5-carboxylate 

75 ml of water were added to a suspension of 29.3 g of (5-methyl-2-oxo-1,3-dioxolen-4-yl)methyl 4-(1-hyd- 
45 roxy-1-methylethyl)-2-propyl-1-{4-p^ [prep- 
ared as described in step (a) above] in 225 ml of acetic acid, and the resulting mixture was stirred at 60°C for 
1 .5 hours. At the end of this time, 75 ml of water were added to the mixture, which was then cooled. Precipitated 
trityl alcohol was removed by filtration, and the filtrate was concentrated by evaporation under reduced press- 
ure. Toluene was added to the residue, and the mixture was again concentrated by evaporation under reduced 
so pressure, to remove the remaining water and acetic acid. The residue was crystallized in ethyl acetate, to give 
16.6 g of the title compound as crystals, melting at 177 - 180°C (with decomposition). 

The Nuclear Magnetic Resonance Spectrum of this compound was identical with that of the compound 
obtained as described in Example 61(b). 

55 
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EXAMPLE 79 

(5-Methyl-2-oxo-1,3-dioxolen^yl)meth^ 4>(1-hydroxy-1>methylethylV2-propy(»1-{4-r2>(tetrazol-5-yl) phe- 
nyl] phenyl}methylimtdazole-5-carboxylate (Compound No. 2-17) 

79(a) Ethyl 4-( 1 -hydroxy- 1-methylethyl)-2-propyM -{442-(trityltetrazol-5-yl)phenyqphenyl}methylirnidazole-5- 
carboxytate 

A solution of 1.00 g of ethyl 1^2'-cyanobiphenyl-4-yl)methyl-4-(1-hydroxy-1-methylethyl)-2-propylimi- 
dazole-5-carboxylate [prepared as described in Example 71 (b)] and 1 .00 g of tributyltln azide in 7.5 ml of toluene 
was stirred at 100°C for 5 days. 2.5 g of sodium hydrogencarbonate and 20 ml of water were then added to 
the mixture, and the resulting mixture was stirred at room temperature for 8 hours. At the end of this time, the 
mixture was diluted with ethyl acetate and acidified with 3 N aqueous hydrochloric acid to a pH value of 3. The 
ethyl acetate layer was separated, dried over anhydrous magnesium sulphate and concentrated by evaporation 
under reduced pressure, to give ethyl 4-(1-hydroxy-1-methylethyl)-2-propyl-1-{4-[2-(tetrazol-5-yl)phenyl]phe- 
nyl}methylimidazole-5-carboxylate as a syrup. 0.80 g of trityl chloride was added to a solution of the whole of 
this syrup in 1 5 ml of pyridine, and the mixture was stirred at 60°C for 4 hours. At the end of this time, the reaction 
mixture was concentrated by evaporation under reduced pressure, and the residue was purified by column 
chromatography through silica gel, using a 1 : 1 by volume mixture of ethyl acetate and hexane as the eluent; 
it was then crystallized in diisopropyl ether, to give 1.15 g of the title compound as crystals. 

The Nuclear Magnetic Resonance Spectrum of this compound was identical with that of the compound 
obtained as described in Example 18(a). 

79(b) (5-Methyl-2-oxo-1 ,3-dtoxolen-4-yl)methyl 4-(1 -hydroxy- 1-methylethyl )-2-propyM-{4-[2-(tetrazol-5- 
yl)phenyl]phenyl}methylimidazole-5-carboxylate 

Following procedures similar to those described in Example 78(a) and 78(b), but using ethyl 4-(1-hydroxy- 
1nrnethylemyl)-2-propyl-{4-[2-(mtylteta^ [prepared as 

described in step (a) above], the title compound was obtained in a 71% yield. 

The Nuclear Magnetic Resonance Spectrum of this compound was identical with that of the compound 
obtained as described in Example 61(b). 

EXAMPLE 80 

Pivaloyloxymethyl 2-ethyl-4-(1 -hydroxy-1 -methyl ethyl)-1 -{4-r2-(tetrazole-5-yl)phenyl3phenyl}methyiimidazole- 
5-carboxytate (Compound No. 2-69) ™"~" 

80(a) Pivaloyloxymethyl 2-ethyl-4-(1 -hydroxy-1 -methylethyl)-1-{4-[2-(trityltetrazole-5-yl)phenyl]phe- 
nyl}methylimidazole-5-carboxylate 

Following a procedure similar to that described in Example 78(a), but using 2.25 g of ethyl 2-ethyl-4-(1- 
hydroxy-1-methylemyl}-1-{4-[2-(trityite [prepared as 

described in Example 68 (a)] and using 203 mg of lithium hydroxide monohydrate for hydrolysis and 0.90 g of 
pivaloyloxymettiylchloride for esterification, 2.53 g of the title compound were obtained as a glass (purified by 
column chromatography through silica gel, using a 1 : 1 by volume mixture of ethyl acetate and hexane as the 
eluent). 

Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 8 ppm: — 
1.14 (9H, singlet); 
1.19 (3H, triplet, J = 7.5 Hz); 
1.64 (6H, singlet); 
2.50 (2H, quartet, J = 7.5 Hz); 
5.34 (2H, singlet); 
5.43 (1H, singlet); 

5.72 (2H, singlet); 

6.73 (2H, doublet, J = 8 Hz); 
6.92 - 7.49 (20H, multiplet); 
7.90 (1H, doublet, J = 8.5 Hz). 
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80(b) Pivaloyloxymethyl 2-ethyl-4-(1 -hydroxy-1 -methytethylH^4-^ 
dazole-5-carboxylate 

Following a procedure similar to that described in Example 78(b), but using 2.53 g of pivaloyloxymethyl 
2-ethy1-4-(1 -hydroxy-1 ^ethylethyl)-H4-[2-(trityltetr^^ 

[prepared as described in step (a) above] and 28 ml of 75% v/v aqueous acetic acid, 1 .70 g of the title compound 
was obtained as a glass. 

Nuclear Magnetic Resonance Spectrum (CDCl 3 ) 5 ppm: 

1.09 (9H r singlet); 

1.24 (3H, triplet, J ■ 7.5 Hz); 

1.59 (6H P singlet); 

2.64 (2H. quartet, J = 7.5 Hz); 

5.41 (2H, singlet); 
5.79 (2H, singlet); 

6.86 (2H, doublet, J = 8.5 Hz); 
7.11 (2H, doublet, J = 8.5 Hz); 

7.42 - 7.62 (4H, multiplet). 

EXAMPLE 81 

(5-Methyl-2-oxo-1 ,3-dk>xolen-4-yl)methyl 2-ethyl~4-(1 -hydroxy-1 -methyiethyl)-1-{4-[2-<tetrazole~5-yl)phe> 
ny1]phenyl}methylimidazoie-5-carboxyiate (Compound No. 2-73) 

81 (a) (5-Methyl-2-oxo-1 ,3-dk>xolen-4-yl)methyi 2-ethyl-4-(1 -hydroxy-1 -methylethylH^RKt^ 
yl)phenyl]pheny1)methyiimidazoie-5-carboxyiate 

Following a procedure similar to that described in Example 78(a), but using 2.25 g of ethyl 2-ethyi-4-(1- 
hydroxy-1-methylemy1^1-{4-[2-(frit^ [prepared as 

described in Example 68 (a)] and using 203 mg of lithium hydroxide monohydrate for hydrolysis and 0.95 g of 
4-chloromethyt-5-methyl-2-oxo-1,3-dioxo!ene (74% purity) for esterification, 1.23 g of the title compound was 
obtained as crystals, melting at 145°C. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 ) 5 ppm: 

1.21 (3H, triplet, J = 7.5 Hz); 

1.63 (6H, singlet); 

1.98 (3H, singlet); 

2.55 (2H, quartet, J = 7.5 Hz); 

4.73 (2H, singlet); 

5.30 (2H, singlet); 

5.59 (1H, singlet); 

6.69 (2H, doublet, J = 8 Hz); 

6.90 - 7.53 (20H, multiplet); 

7.87 (1H, doublet, J = 8 Hz). 

81(b) (5-Methyl-2-oxo-1 ,3-dioxolen-4-yl)methyl 2-ethyl-4-(1 -hydroxy-1 -methylethyl)-1 -{4-[2-(tetrazol e-5- 
y1)phenyl]phenyl)methyiimidazoie-5-cart>oxylate 

Following a procedure similar to that described in Example 78(b), but using 1 .90 g of (5-methyl-2-oxo-1 ,3- 
dioxolen-4-yl)methyi 2-ethyl-4-( 1 -hydroxy-1 -methylethyl)-1-{4-[2^trityltetraiole-5-yl)phenyl]phenyi)methyl!mi- 
dazole-5-carboxylate [prepared as described in step (a) above] and 20 ml of 75% v/v aqueous acetic acid, 1 .23 
g of the title compound was obtained as a crystalline powder. 

Nuclear Magnetic Resonance Spectrum (CDCl 3 and hexadeuterated dimethyl sulphoxide) 5 ppm: 
1.24 (3H, triplet, J = 7.5 Hz); 
1.54 (6H, singlet); 

2.10 (3H, singlet); 

2.69 (2H, quintet, J = 7.5 Hz); 

4.99 (2H, singlet); 
5.44 (2H, singlet); 

6.86 (2H, doublet, J = 8.5 Hz); 
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7.08 (2H, doublet, J = 8.5 Hz); 
7.50 - 7.65 (4H, multiplet). 

PREPARATION 1 

5 

2-Butylimidazole-4,5-dicarbonitrile 

A suspension of 51 .4 g of diaminomaJeon'rtrile and 85.6 g of trim ethyl orthovalerate in 300 mi of acetonitrite 
was stirred in an oil bath kept at 85°C for 6 hours. At the end of this time, the reaction mixture was concentrated 

10 by evaporation under reduced pressure, and the concentrate was purified by short column chromatography 
through silica gel, using a 1 : 1 by volume mixture of ethyl acetate and hexane as the eluent, to give 99 g of 
1-amino-2-N-(1-methoxypentylidene)aminosuccinonitrile. The whole of this compound was dissolved in 300 ml 
of xylene, and the resulting solution was stirred in an oil bath kept at 150°C for 8 hours, after which the reaction 
mixture was concentrated to half its original volume and allowed to stand at room temperature. The crystals 

is which precipitated were collected by filtration and washed with a small amount of xylene, to give 55.2 g of the 
title compound, melting at 109 - 111°C. 

PREPARATION 2 

20 2-Butylimidazole-4,5-dicarboxylic acid 

A solution of 100 g of 2-butyl imidazole-4,5-dicarbonitriIe (prepared as described in Preparation 1) in 1 litre 
of 6 N aqueous hydrochloric acid was heated under reflux for 7 hours, and then the reaction mixture was allowed 
to stand overnight at room temperature. At the end of this time, the crystals which precipitated were collected 
25 by filtration and washed with water and with a small amount of acetone, to give 84 g of the title compound, 
melting at 261 - 263°C. 

PREPARATION 3 

30 Diethyl 2-butyl imidazole-4,5-dicarboxyl ate 

Dry hydrogen chloride was bubbled through a suspension of 40 g of 2-butyl imidazole-4,5-dicarboxylic acid 
(prepared as described in Preparation 2) in 600 ml of ethanoi at room temperature, whilst stirring, for 2 hours 
to yield a solution. This solution was allowed to stand at room temperature for 18 hours, after which the reaction 

35 mixture was concentrated by evaporation under reduced pressure. The concentrate was then mixed with ethyl 
acetate and with an aqueous solution of sodium hydrogen carbonate and neutralized by adding powdery sodium 
hydrogen carbonate. The ethyl acetate layer was separated and dried over anhydrous magnesium sulphate, 
and the solvent was removed by distillation under reduced pressure. The resulting crystalline residue was tritu- 
rated with a mixture of diisopropyl ether and hexane, and collected by filtration, to give 43 g of the title com- 

40 pound, melting at 82 - 84°C. 

PREPARATION 4 

Dimethyl 2-butyl imidazole^, 5-dicarboxy late 

45 

A procedure similar to that described in Preparation 3 was repeated, using 40 g of 2-butyl imidazole-4, 5- 
dicarboxylic acid, and except that methanol was used instead of ethanoi, to give 41.6 g of the title compound 
as crystals, melting at 88°C. 

50 PREPARATION 5 

4-Acetyl-2-butyl-5-cyanoim id azole 

5(i) 2-Butyl-1-tritylimidazole-4,5-dicarbonitriie 

55 

1 .25 g of sodium hydride (as a 55% w/w dispersion in mineral oil) were added, whilst ice-cooling, to a sol- 
ution of 5 g of 2-butylimidazole-4,5-dicarbonitrile (prepared as described in Preparation 1) in 50 ml of N,N- 
dimethylformamide, and the resulting mixture was stirred for 15 minutes. 1 0 g of trityl chloride were then added, 
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and the reaction mixture was stirred at 50°C for 6 hours. At the end of this time, it was mixed with ethyl acetate 
and water, and the product was extracted with ethyi acetate. The extract was dried over anhydrous magnesium 
sulphate, and the solvent was removed by distillation under reduced pressure. The resulting residue was puri- 
fied by column chromatography through silica gel, using a 1 : 5 by volume mixture of ethyl acetate and hexane 
s as the eluent, to give 9.83 g of the title compound as a syrup, which solidified on being allowed to stand. The 
solid melted at 144 - 147°C (with decomposition and colouration at 94 - 98°C). 
Nuclear Magnetic Resonance Spectrum (CDCf 3 ), 5 ppm: 

0.60 (3H, triplet, J = 7 Hz); 

0.5- 1.4 (4H, multiplet); 
10 2.03 (2H, triplet, J = 7 Hz); 

7.0-7.6 (15H, multiplet). 

5(ii) 4-Acetyl>2-butyl-5-cyano-1-tritylimidazole 

15 1 1 .1 ml of a 2 M solution of methylmagnesium iodide in diethyl ether was slowly added dropwise at room 

temperature, in an atmosphere of nitrogen, to a solution of 4.5 g of 2-butyl-1-tritylimidazole-4,5-dicarbonitrile 
[prepared as described in step (i) above] in 45 ml of tetrahydrofuran, and the resulting mixture was stirred at 
room temperature for 3 hours. At the end of this time, a saturated aqueous solution of ammonium chloride was 
added dropwise, whilst ice-cooling, to the mixture. The tetrahydofuran layer was separated, washed with a satu- 
20 rated aqueous solution of sodium chloride and concentrated by evaporation under reduced pressure to give a 
concentrate. The aqueous layer was once again extracted with a small amount of ethyl acetate. The extract 
was washed with a saturated aqueous solution of sodium chloride, dried and concentrated by evaporation under 
reduced pressure. The resulting extract was combined with the above concentrate, and the resulting crude pro- 
duct was purified by column chromatography through silica gel, using a 3 : 1 by volume mixture of hexane and 
25 ethyl acetate as the eluent, and the product was crystallized from a mixture of ethyl acetate and hexane, to 
give 1.46 g of the title compound, melting at 159 - 160°C (with decomposition). 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ), 3 ppm: 
0.60 (3H, triplet, J = 7 Hz); 
0.5-1.5 (4H, multiplet); 
30 2.08 (2H, triplet, J = 7 Hz); 

2.58 (3H, singlet); 
7.1 - 7.6 (15H, multiplet). 

5(iii) 4-Acetyl-2-butyl-5-cyanoimidazole 

35 

A suspension of 1.78 g of 4-acetyl-2-butyl-5-cyano-1-tritylimidazole [prepared as described in step (ii) 
above] in 80% v/v aqueous acetic acid was stirred at 60°C for 1 hour. The solution thus obtained was concen- 
trated to dryness by evaporation under reduced pressure. The resulting residue was purified by column 
chromatography through silica gel, using a 3 : 1 by volume mixture of hexane and ethyl acetate as the eluent, 
40 to give 0.66 g of the title compound as a colourless solid, melting at 77 - 78°C. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ), 6 ppm: 
0.93 (3H, triplet, J = 7 Hz); 
1.0-2.1 (4H, multiplet); 
2.72 (3H, singlet); 
45 2.89 (2H, triplet, J = 7 Hz). 

PREPARATION 6 

4-Benzoyl-2-butyl-5-cyanoimidazole 

50 

6(i) 4-Benzoyl-2-butyl-5-cyano-1 -trityl imidazole 

Following a procedure similar to that described in Preparation 5(ii), 10.3 g of the title compound were 
obtained as an amorphous solid by reacting a solution of 10 g of 2-butyl-1-tritylimidazole-4,5-dinitrile [prepared 
55 as described in Preparation 5(i)] in 100 ml of tetrahydrofuran with 25 ml of a 2 M solution of phenylmagnesium 
iodide in diethyl ether. 

Nuclear Magnetic Resonance Spectrum (CDCf 3 ), 6 ppm: 
0.67 (3H, triplet, J = 7 Hz); 
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0.5- 1.5 (4H, multiplet); 
2.11 (2H, triplet, J = 7 Hz); 

7.1 -8.0 (20H, multiplet). 

5 6(ii) 4-Benzoyl-2-buty1-5-cyanoimidazole 

A suspension of 10.3 g of 4-benzoyl-2-butyl-5-cyano-1-trityl imidazole [prepared as described in step (i) 
above] in 80% v/v aqueous acetic acid was stirred at 60°C for 5 hours. At the end of this time, the solution thus 
obtained was concentrated by evaporation under reduced pressure, and the concentrate was purified by col- 
10 umn chromatography through silica gel, using a 2 : 1 by volume mixture of hexane and ethyl acetate as the 
eluent. The resulting oily product was dissolved in carbon tetrachloride and the solution was allowed to stand 
at room temperature, to precipitate crystals, which were collected by filtration to give 4.46 g of the title com- 
pound, melting at 121 - 122°C. 

Nuclear Magnetic Resonance Spectrum (CDCl 3 ), 6 ppm: 
15 0.90 (3H, triplet, J = 7 Hz); 

I. 0-2.3 (4H, multiplet); 
2.85 (2H, triplet. J = 7 Hz); 

7.2 - 8.0 (5H, multiplet); 

II. 0-12.1 (1H, broad). 

20 

PREPARATION 7 

2-Butyl-5-cyano-4-(1-hydroxy-1-methylethyl)imidazole 

25 7(i) 2-Butyl-5-cyano-4-(1-hydroxy-1-methylethy1)-1-tritylimidazole 

1 ml of a 2 M solution of methyimagnesium iodide in tetrahydrofuran was added dropwise at room tem- 
perature, whilst stirring, to a solution of 840 mg of 4-acetyl-2-butyl-5-cya no- 1-trityl imidazole [prepared as des- 
cribed in Preparation 5(H)] in 15 ml of tetrahydrofuran, and the resulting mixture was stirred at 40°C for 1 hour. 
30 The mixture was cooled, and then a saturated aqueous solution of ammonium chloride was added to it dropwise. 
The tetrahydrofuran layer was separated and concentrated by evaporation under reduced pressure. The con- 
centrate was purified by column chromatography through silica gel, using a 2 : 1 by volume mixture of hexane 
and ethyl acetate as the eluent, to give 539 mg of the title compound as a colourless solid, melting at 151 - 
152°C. 

35 Nuclear Magnetic Resonance Spectrum (CDCl 3 ), 8 ppm: 

0.60 (3H, triplet, J = 7 Hz); 

0.6-1.5 (4H, multiplet); 

1.59 (6H, singlet); 

2.01 (2H, triplet, J = 7 Hz); 
40 3.78 (1H, singlet); 

7.0-7.6 (15H, multiplet). 

7(ii) 2-Butyl-5-cyano-4-(1-hydroxy-1-methylethyl)imidazole 

45 A mixture of 1 .3 g of 2-butyl-5-cyano-4-(1 -hydroxy- 1 -methylethyl)-1-trityl imidazole [prepared as described 

in step (i) above] and 26 ml of 75% v/v aqueous acetic acid was stirred at 50°C for 3 hours, and then the solvent 
was removed by distillation under reduced pressure. The resulting residue was washed with carbon tet- 
rachloride and purified by column chromatography through silica gel, using a 1 0 : 1 by volume mixture of 
methylene chloride and methanol as the eluent, and the product was crystallized in carbon tetrachloride, to give 
50 0.6 g of the title compound as colourless crystals, melting at 171 - 172°G. 
Nuclear Magnetic Resonance Spectrum (CDC? 3 + CD 3 OD), 6 ppm: 
0.90 (3H, triplet, J = 7 Hz); 
1.0-2.0 (4H, multiplet); 
1.62 (6H, singlet); 
55 2.68 (2H, triplet, J = 7 Hz). 
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PREPARATION 8 

Ethyl 2'butyl-4-(1-hydroxy-1-methylethyi)imidazole>5-carboxylate 

5 A solution of 5.36 g of diethyl 2-butylimldazole-4,5-dicarboxylate (prepared as described in Preparation 3) 

in 100 ml of tetrahydrofuran was cooled to -30°C in an atmosphere of nitrogen, and 32 ml of a methylmagnesium 
bromide solution (2.5 M in tetrahydrofuran) were added dropwise at -30 to -20°C to the cooled solution. The 
reaction mixture was then stirred at 0°C for 1 .5 hours and subsequently mixed with ethyl acetate and with an 
aqueous solution of ammonium chloride. The ethyl acetate layer was separated and dried over anhydrous mag- 
to nesium sulphate, and the solvent was removed by distillation under reduced pressure. The residue was purified 
by column chromatography through silica gel, using a 1 : 20 by volume mixture of methanol and methylene 
chloride as the eluent, to give 5.01 g of the title compound as an oil. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ), 6 ppm: 
0.90 (3H, triplet, J = 7 Hz); 
15 1 .32 (3H, triplet, J = 7 Hz); 

1.2-2.0(4H.multiplet); 
1.64 (6H, singlet); 
2.70 (2H, triplet, J = 7 Hz); 
4.33 (2H, quartet, J = 7 Hz); 
20 5.97 (1H, broad singlet); 

10.2 (1H, broad singlet). 

PREPARATION 9 

25 Ethyl 4-(1-hydroxy-1-methylethyl>-2-propylimidazole-5-carboxylate 

Following a procedure similar to that described in Preparation 8, 2.34 g of the title compound were obtained 
as an oil by reacting 3.01 g of diethyl 2-propylimidazole-4,5-dicarboxylate (prepared as described in Preparation 
12) with 16 ml of a 2.5 M solution of methylmagnesium bromide in tetrahydrofuran. The compound was crys- 
30 tallized by allowing it to stand at room temperature, to give a product melting at 69 - 71 °C, and was then rec- 
rystallized from diisopropyl ether, to give a product melting at 101 - 102°C. 
Nuclear Magnetic Resonance Spectrum (QDCf 3 ), 6 ppm: 
0.96 (3H, triplet, J = 7 Hz); 
1.35 (3H, triplet, J = 7 Hz); 
35 / 1.64 (6H, singlet); 

1.81 (2H, sextet, J = 7 Hz); 
2.68 (2H, triplet, J = 7 Hz); 
4.35 (2H, quartet, J = 7 Hz); 
5.81 (1H, singlet); 
40 9.9 (1H, broad singlet). 

PREPARATION 10 

2-Propylimidazole-4,5-dicarbonitrile 

45 

Following a procedure similar to that described in Preparation 1, but using 16.0 g of diaminomaieonitrile 
and 24 g of trimethyl orthobutyrate, 18.7 g of the title compound were obtained as crystals, melting at 141 - 
144°C. 

so PREPARATION 11 

2-Propylimidazole-4,5-dicarboxylic acid 

Following a procedure similar to that described in Preparation 2, but using 18.2 g of 2-propylimidazo!e-4,5- 
55 dicarbonitriie (prepared as described in Preparation 10), 9.95 g of the title compound were obtained as crystals, 
melting at 261 - 263°C. 
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PREPARATIONS 

Diethyl 2-propylimidazole-4,5-dicarboxylate 

5 Following a procedure similar to that described in Preparation 3, but using 1 0.0 g of 2-propylimidazole-4,5- 

dicarboxylic acid (prepared as described in Preparation 11), 9.55 g of the title compound were obtained as crys- 
tals, melting at 81 - 83°C. 

PREPARATION 13 

10 

Ethyl 2-butyl-4-(1-ethyl-1-hydroxypropyl)imidazole-5-carboxylate 

Following a procedure similar to that described in Preparation 8, 2.68 g of the title compound, melting at 
63 - 64°C, were obtained as crystals by reacting 2.68 g of diethyl 2-butylimidazole-4,5-dicarboxylate (prepared 
15 as described in Preparation 3) with a 3.0 M solution of ethylmagnesium bromide in diethyl ether. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 ), 8 ppm: 
0.82 (6H, triplet, J = 7 Hz); 
0.93 (3H, triplet, J = 7 Hz); 
1.38 (3H, triplet, J = 7 Hz); 
20 1 .31 - 1 .45 (2H, multiplet); 

1.65- 1.76 (2H, multiplet); 
1.79- 1.89 (2H f multiplet); 
1.97-2.11 (2H, multiplet); 
2.76 (2H, triplet, J = 7.5 Hz); 
25 4.36 (2H, quartet, J = 7 Hz); 

5.70 (1H, broad singlet). 

PREPARATION 14 

30 2-Propyl-1-tritylimidazole-4,5-dicarbonitrile 

Following a procedure similar to that described in Preparation 5(i), but using 7.8 g of 2-propyiimidazole- 
4,5-dicarbonitrile (prepared as described in Preparation 10), 2.14 g of sodium hydride (as a 55% w/w dispersion 
in mineral oil) and 17.1 g of trityi chloride, 14.6 g of the title compound were obtained as crystals, melting at 
35 107°C (with decomposition and with a yellow colouration at 102°C). 
Nuclear Magnetic Resonance Spectrum (CDCl 3 ), 5 ppm: 
0.52 (3H, triplet, J = 7 Hz); 
1.07-1.21 (2H, multiplet); 
2.03 (2H, triplet, J = 8 Hz); 
40 7.19- 7.48 (15H, multiplet). 

PREPARATION 15 

2-Butyl-5-cyano-4-propionyM-tritylimidazole 

45 

14 ml of a 3 M solution of ethylmagnesium bromide in diethyl ether were added dropwise at 10°C under 
an atmosphere of nitrogen to a solution of 8.33 g of 2-butyl-1 -trityi imidazole^,5Kiicart)onitrile [prepared as des- 
cribed in Preparation 5(i)] in 83 ml of tetrahydrofuran, and the resulting mixture was stirred at room temperature 
for 3 hours. At the end of this time, a mixture of a saturated aqueous solution of ammonium chloride and ethyl 
so acetate was added to the reaction mixture, whilst ice-cooling. The ethyl acetate layer was separated, washed 
with water and dried over anhydrous magnesium sulphate. The solvent was then removed by distillation under 
reduced pressure. The crystalline product thus obtained was washed with diiso propyl ether, to give 4.56 g of 
the title compound, melting at 140 - 143°C (softening at 83°C). 
Nuclear Magnetic Resonance Spectrum (CDCf 3 ), 6 ppm: 
55 0.61 (3H, triplet, J = 7 Hz); 

0.84- 1.14 (4H, multiplet); 
1.18 (3H, triplet, J = 8 Hz); 
2.08 (2H, triplet, J = 7 Hz); 
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3.03 (2H, quartet, J = 7 Hz); 

7.22 - 7.42 (15H, multiplet). 

PREPARATION 16 

5-Cya no-4-propionyl-2-propy1- 1 -trityl imidazole 

Following a procedure similar to that described in Preparation 15, but using 8.05 g of 2-propyl-1-tritylimi- 
dazole-4,5-dicarbonltrile (prepared as described in Preparation 14) and 14 ml of a 3 M solution of ethylmag- 
10 nesium bromide in diethyl ether, 7.03 g of the title compound were obtained as crystals, melting at 96°C 
(softening at 87°C). 

Nuclear Magnetic Resonance Spectrum (CDC£ 3 ), 8 ppm: 
0.52 (3H, triplet, J = 7 Hz); 
1.05-1.3 (2H, multiplet); 
15 1.18 (3H, triplet, J = 7 Hz); 

2.05 (2H, triplet, J = 7 Hz); 
3.03 (2H, quartet, J = 7 Hz); 
7.20 - 7.40 (15H, multiplet). 

20 PREPARATION 17 

2-Butyl-5-cyano-4-(1-hydroxy-1-methylpropyl)-1-tritylimidazole 

5 ml of a 1 M solution of methylmagnesium bromide in tetrahydrofuran were added dropwise at 10°C under 
25 an atmosphere of nitrogen to a solution of 2 g of 2-butyl-5-cyano-4-propionyl-1-tritylimidazole (prepared as des- 
cribed in Preparation 15) in 36 ml of tetrahydrofuran, and the resulting mixture was stirred at 20°C for 1 hour 
and subsequently at 30°C for a further 1 hour. At the end of this time, a mixture of a saturated aqueous solution 
of ammonium chloride and ethyl acetate was added to the reaction mixture, which was then well shaken. The 
ethyl acetate layer was separated and dried over anhydrous magnesium sulphate. After the drying agent had 
30 been removed by filtration, the solvent was distilled off under reduced pressure. The residue was purified by 
column chromatography through silica gel, using a 1 : 2 by volume mixture of ethyl acetate and hexane as the 
eluent, to give 1.29 g of the title compound as crystals, melting at 90 - 93°C. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 ), 6 ppm: 
0.60 (3H, triplet, J = 7 Hz); 
35 0.80 (3H, triplet, J = 7 Hz); 

0.80- 1.00 (2H, multiplet); 
1.00- 1.13 (2H, multiplet); 
1.58 (3H, singlet); 
1.75 - 2.05 (4H, multiplet); 
40 3.90 (1H, broad singlet); 

7.23 - 7.43 (15H, multiplet). 

PREPARATION 18 

45 5-Cyano-4-( 1 -hydroxy-1 -methy Ipropyl )-2-propyl-1 -tritylimidazole 

Following the procedure described in Preparation 17, but using 5.00 g of 5-cyano-4-propionyl-2-propyl-1- 
trityf imidazole (prepared as described in Preparation 16) and 12.5 ml of a 1 M solution of methylmagnesium 
bromide in tetrahydrofuran, 3.32 g of the title compound were obtained as a crystalline powder, melting at above 
so 1 20°C (softening at 1 1 0°C). 

Nuclear Magnetic Resonance Spectrum (CDCl 3 ), 6 ppm: 
0.50 (3H, triplet, J = 7 Hz); 
0.80 (3H, triplet, J = 7 Hz); 
1.07 - 1.12 (2H, multiplet); 
55 1.58 (3H, singlet); 

1.74 - 2.00 (4H, multiplet); 
3.90 (1H, broad singlet); 

7.24 - 7.37 (15H f multiplet). 



153 



EP0 503 785 A1 



PREPARATION 19 

2>Butyl>5>cyano-4-(1-hydroxy-1-methylpropyl)imidazole 

A mixture of 1.21 g of 2-butyl-5^yano^1-hydroxy-1-m^ (prepared as des- 

cribed in Preparation 17) and 20 ml of 75% v/v aqueous acetic acid was stirred at 50°C for 1 hour, after which 
the mixture was cooled, and the deposited crystals of trityt alcohol were removed by filtration. The filtrate was 
concentrated by evaporation under reduced pressure, and the remaining water and acetic acid were distilled 
off as a toluene azeotrope under reduced pressure. The residue was purified by column chromatography 
through silica gel, using a 9 : 1 by volume mixture of methylene chloride and methanol as the eluent, to give 
0.47 g of the title compound as a crystalline powder, melting at 139 - 142°C. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide), 5 ppm: 

0.74 (3H, triplet, J = 7 Hz); 

0.87 (3H, triplet, J = 7 Hz); 

1.21 -1.34 (2H, multiplet); 

1.49 (3H, singlet); 

1.53 - 1.64 (2H, multiplet); 

1 .72 (2H, quartet, J = 7.5 Hz); 

2.56 (2H, triplet, J = 7 Hz); 
5.45 (1H, singlet). 

PREPARATION 20 

5-CyancMH1-hydroxy-1-methylpropyi)-2-propyl imidazole 

Following the procedure described in Preparation 19, but using 1.20 g of 5-cyano-4-(1-hydroxy-1-methyl- 
propyl)-2-propyl-1-tritylimidazole (prepared as described in Preparation 18), 0.48 g of the title compound was 
obtained as a crystalline powder, melting at 157 - 159°C. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ), 8 ppm: 

0.89 (3H, triplet, J = 7.5 Hz); 

0.98 (3H, triplet, J = 7.5 Hz); 

1.57 (3H, singlet); 

1.76 (2H, quartet, J = 7.5 Hz); 
1.83- 2.08 (2H, multiplet); 
2.00 (1H, singlet); 
2.67 (2H, triplet, J = 7.5 Hz). 

PREPARATION 21 

Methyl 2-butyl-4-(1-hydroxy-1-methylethyl)imidazole-5-carboxylate 

A solution of 9.73 g of dimethyl 2-butylimidazole-4,5-dicarboxylate (prepared as described in Preparation 
4) in 100 ml of tetrahydrofuran was cooled to -30°C under an atmosphere of nitrogen, and 162 ml of a 1 M sol- 
ution of methylmagnesium bromide in tetrahydrofuran were added dropwise to this solution at a temperature 
of -30°C to -20°C. The resulting mixture was stirred at 0°C for 2.5 hours, and then ethyl acetate and an aqueous 
solution of ammonium chloride were added to it The ethyl acetate layer was separated and dried over anhydr- 
ous magnesium sulphate, after which the solvent was removed by distillation under reduced pressure. The 
resulting residue was purified by column chromatography through silica gel, using a 1 : 20 by volume mixture 
of methanol and methylene chloride as the eluent, to give 7.15 g of the title compound as an oil. The compound 
was crystallized by allowing it to stand at room temperature, to give a product melting at 60 - 65°C. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ), 8 ppm: 

0.88 (3H, triplet, J = 7 Hz); 

1.0-2.0 (4H, multiplet); 

1.64 (6H, singlet); 

2.69 (2H, triplet, J = 7.5 Hz); 

3.84 (3H, singlet); 

7.35 (2H, broad singlet). 
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PREPARATION 22 

Pivaloyloxymethyl 4-(1 -hydroxy-1 -memy)ethyl)-2-propylimidazole-5-carooxylate 

5 22(i) 4-(1-Hydroxy-1-methylethy<)-2-propyiimidazole-5-carboxylic acid 

A solution of 0.28 g of lithium hydroxide monohydrate in 5 ml of water was added to a solution of 0.48 g of 
ethyl 4^1-hydroxy-1^ethylethyl)-2-propylimidazole-5-carboxylate (prepared as described in Preparation 9) in 
5 ml of methanol, and the resulting mixture was stirred at room temperature for 18 hours. At the end of this 
10 time, the pH of the reaction mixture was adjusted to a value of 2.3 by adding 6.67 ml of 1 N aqueous hydrochloric 
acid, and the mixture was concentrated by evaporation under reduced pressure to a volume of about 2 ml. The 
crystals which precipitated were collected by filtration to give 0.20 g of the title compound, melting at 232°C 
(with decomposition). 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide), 5 ppm: 
15 0.87 (3H, triplet, J = 7.5 Hz); 

1.48 (6H, singlet); 
1.65 (2H, sextet J = 7.5 Hz); 
2.62 (2H, triplet, J = 7.5 Hz). 

20 22(ii) Pivaloyloxymethyl 4-(1 -hydroxy-1 -methyiethyl)-2-propylimidazole-5-carboxylate 

1.76 ml of N,N-diisopropylethylamine were added to a suspension of 1.14 g of 4-(1-hydroxy-1-methylet- 
hyl)-2-propylimidazole-5-carboxylic acid [prepared as described in step (i) above] in 12 ml of N.N-dimethyla- 
cetamide, and the resulting mixture was stirred at room temperature for 1 0 minutes; 1 .36 ml of pivaloyloxymethyl 
25 chloride was then added. The reaction mixture was stirred at 60°C for 4 hours, after which it was mixed with 
ethyl acetate and water. The ethyl acetate layer was separated and concentrated by evaporation under reduced 
pressure. The crystals which precipitated were triturated with diisopropyl ether and collected by filtration to give 
1.53 g of the title compound, melting at 177°C. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ), 6 ppm: 
30 0.99 (3H, triplet, J = 7.5 Hz); 

1.22 (9H, singlet); 
1.62 (6H, singlet); 
1 .76 (2H f sextet, J = 7.5 Hz); 

2.70 (2H, triplet, J = 7.5 Hz); 
35 5.15 (1H, broad singlet); 

5.95 (2H, singlet). 

PREPARATION 23 

40 Ethyl 4-(1 -hydroxyethyl)-2-propylmidazole-5-carboxylate 

23(i)4-Acetyl-2-propylimidazole-5-carbonitrile 

194 ml of a 1 M solution of methylmagnesium bromide in tetrahydrofuran were added dropwise at a tem- 
45 perature of 10°C to 15°C and under an atmosphere of nitrogen to a solution of 10 g of 2-propyiimidazole-4,5- 
dicarbonitrile (prepared as described in Preparation 10) in 100 ml of tetrahydrofuran, and the resulting mixture 
was stirred at a temperature of 10°C to 15°C for 30 minutes. The reaction mixture was then cooled, and 200 
ml of ethyl acetate and 100 ml of a saturated aqueous solution of ammonium chloride were added to it. The 
mixture was then acidified by adding an aqueous solution of potassium btsulphate. The organic layer was sepa- 
50 rated and dried over anhydrous magnesium sulphate, and the solvent was removed by distillation under 
reduced pressure. The residue was subjected to column chromatography through silica gel, using a 1 : 1 by 
volume mixture of ethyl acetate and hexane as the eluent, to give 9.1 8 g of the title compound as crystals, melt- 
ing at 93 - 95°C. 

Nuclear Magnetic Resonance Spectrum (CDCf 3 ), 8 ppm: 
55 0.99 (3H, triplet, J = 7.5 Hz); 

1.83 (2H, sextet, 7.5 Hz); 

2.71 (3H, singlet); 

2.82 (2H, triplet, J = 8 Hz). 
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23(ii) Ethyl 4-acetyl-2-propylimidazole-5-carboxyiate 

A mixture of 4.0 g of 4-acety1-2-propyiimidazole-5-carbonitrile [prepared as described in step (i) above] and 
60 ml of 6 N aqueous hydrochloric acid was heated under reflux, with stirring, for 8 hours. The reaction mixture 

5 was then concentrated by evaporation under reduced pressure, and the concentrate was dissolved in ethanol, 
after which it was again concentrated in the same way. The residue was dissolved in ethanol and the solvent 
was again distilled off. After this sequence of dissolution and concentration had been carried out for a total of 
five times, the residue was dissolved in 60 ml of ethanol. A stream of hydrogen chloride was bubbled through 
the resulting solution at room temperature for 20 minutes, and then the solution was allowed to stand at room 

10 temperature for 16 hours. It was then concentrated by evaporation under reduced pressure. The concentrate 
was dissolved in a mixture of ethyl acetate and an aqueous solution of sodium hydrogencarbonate, and the 
solution was neutralized by adding sodium hydrogencarbonate. The ethyl acetate layer was separated and 
dried over anhydrous magnesium sulphate. The solvent was removed by distillation under reduced pressure, 
and the resulting residue was purified by column chromatography through silica gel, using a 1 : 1 by volume 

15 mixture of ethyl acetate and hexane as the eluent, to give 3.07 g of the title compound as crystals, melting at 
76 - 78°C. 

Nuclear Magnetic Resonance Spectrum (CDCf 3 ), 6 ppm: 
0.96 (3H, triplet, J = 7.5 Hz); 
1.39 (3H, triplet, J = 7 Hz); 
20 1 .82 (2H, sextet, J = 7.5 Hz); 

2.75 (3H, singlet); 
2.80 (2H, triplet, J = 7.5 Hz); 
4.44 (2H, quartet, J = 7 Hz). 

25 23(iii) Ethyl 4-(1-hydroxyethyl)-2-propylimidazole-5-carboxylate 

125 mg of sodium borohydride were added to a solution of 1.50 g of ethyl 4-acetyl-2-propylimidazole-5- 
carboxylate [prepared as described in step (ii) above] in 15 ml of ethanol, and the resulting mixture was stirred 
at room temperature for 30 minutes. 2 ml of acetone were added, and the mixture was stirred for a further 10 
30 minutes. The reaction mixture was then concentrated by evaporation under reduced pressure, and the con- 
centrate was dissolved in methanol. The solution was again concentrated by evaporation under reduced press- 
ure, and the residue was purified by column chromatography through silica gel, using 1 : 20 and 1 : 10 by volume 
mixtures of methylene chloride and methanol as the eluent, to give 1.32 g of the title compound as crystals, 
melting at 151 - 153°C. 

35 Nuclear Magnetic Resonance Spectrum (CDCf 3 + hexadeuterated dimethyl sulphoxide), 5 ppm: 

0.95 (3H, triplet, J = 7.5 Hz); 

1.38 (3H, triplet, J = 7 Hz); 

1.48 (3H, doublet, J = 6.5 Hz); 

1 .74 (2H, sextet, J = 7.5 Hz); 
40 2.67 (2H, triplet, J = 8 Hz); 

4.34 (2H, quartet, J = 7 Hz); 

5.28 (1H, quartet, J = 6.5 Hz). 

PREPARATION 24 

45 

Ethyl 2-butyl^4-(1-hydroxyethyl)imidazole-5-carboxylate 

24(i) 4-Acetyl-2-butylimidazole-5-carbonitrile 

so Following a procedure similar to that described in Preparation 23(i), but using 1 0 g of 2-butylimidazole-4,5- 

dicarbonitriie (prepared as described in Preparation 1), 9.15 g of the title compound were obtained as crystals, 
melting at 77 - 78°C. 

Nuclear Magnetic Resonance Spectrum (CDCf 3 ), 6 ppm: 
0.93 (3H, triplet, J = 7 Hz); 
55 1.0-2.1 (4H, multiplet); 

2.72 (3H, singlet); 
2.89 (2H, triplet, J = 7 Hz). 
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24(ii) Ethyl 4-acetyl-2-butyl im idazole-5-carboxylate 

Following a procedure similar to that described in Preparation 23(H), but using 1.00 g of 4-acetyl-2-butyli- 
midazole-5-carbonitrile [prepared as described in step (i) above], 0.92 g of the title compound was obtained 
as a viscous oil. 

Nuclear Magnetic Resonance Spectrum (CDCl 3 ), 8 ppm: 
0.88 (3H, triplet, J = 7 Hz); 

1.1 -2.1 (4H, multiplet); 

1.33 (3H, triplet, J = 7 Hz); 
2.74 (3H, singlet); 

2.82 (2H, triplet, J = 7.5 Hz); 
4.38 (2H, quartet. J = 7 Hz). 

24(iii) Ethyl 2-butyl-4>(1-hydroxyethyl)imidazole-&-carboxylate 

Following a procedure similar to that described in Preparation 23(iii), but using 0.64 g of ethyl 4-acetyl-2- 
butylimidazole-5-carboxylate [prepared as described in step (ii) above], 0.55 g of the title compound was 
obtained as crystals, melting at 149°C. 

Nuclear Magnetic Resonance Spectrum (CDCl 3 + hexadeuterated dimethyl sulphoxide), 6 ppm: 
0.91 (3H, triplet, J = 7.5 Hz); 
1:37 (3H, triplet, J = 7 Hz); 
1.3-1.42 (2H, multiplet); 
1.50 (3H, doublet, J = 6.5 Hz); 
1.69 (2H, quintet, J = 7.5 Hz); 
2.69 (2H, triplet, J = 8 Hz); 

4.34 (2H, quartet, J = 7 Hz); 
5.26 (1H, quartet, J - 6.5 Hz). 

PREPARATION 25 

2-Butyl-4-propionylimidazole-5-carbonitrile 

Following a procedure similar to that described in Preparation 24(i), but using ethyl magnesium bromide 
instead of methylmagnesium bromide, the title compound, melting at 84 - 85°C, was obtained in a 51 .9% yield. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ), 8 ppm: 

0.95 (3H, triplet, J = 7 Hz); 

1.0 - 2.2 (4H, multiplet); 

1.28 (3H, triplet, J = 7.0 Hz); 

2.88 (2H, triplet, J = 7 Hz); 

3.15 (2H, quartet, J = 7 Hz). 

PREPARATION 26 

2-Butyl-4-butyrylimidazole-5-carbonitrile 

Following a procedure similar to that described in Preparation 24(i), but using propylmagnesium bromide 
instead of methylmagnesium bromide, the title compound, melting at 91 - 92°C, was obtained in a 57.2% yield. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ), 8 ppm: 

1.02 (3H, triplet, J = 7.5 Hz); 
1.11 (3H, triplet, J = 7.5 Hz); 
1.3-1.6 (2H, multiplet); 
1.7- 2.0 (4H, multiplet); 
2.88 (2H, triplet, J = 8 Hz); 
3.13 (2H, triplet, J = 7.5 Hz). 
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PREPARATION 27 

2-Butyl-4>isobutyrylimidazole-5-carbonitrile 

Following a procedure similar to that described in Preparation 24(i), but using isopropylmagnesium bromide 
instead of methytmagnesium bromide, the title compound, melting at 88 - 89°C, was obtained in a 36.2% yield. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ), 8 ppm: 

0.94 (3H, triplet, J = 7 Hz); 

1.0-2.1 (4H, multiplet); 

1.30 (6H. doublet, J = 7 Hz); 

2.91 (2H, triplet, J = 7 Hz); 

3.71 (1H, septet, J = 7 Hz). 

PREPARATION 28 

4-Butyiyl-2-propylimidazole-5-carbonitrile 

Following a procedure similar to that described in Preparation 24(i), but using 2-propylimidazo1e-4,5-dicar- 
bonitrile (prepared as described in Preparation 10) and propyimagnesium bromide, the title compound, melting 
at 94 - 95°C, was obtained in a 49.8% yield. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ), 8 ppm: 

1.00 (3H, triplet, J = 7.5 Hz); 

1.04 (3H, triplet, J = 7.5 Hz); 

1.7 - 1.9 (4H, multiplet); 

2.79 (2H, triplet, J = 7.5 Hz); 

3.06 (2H, triplet, J = 7.5 Hz). 



PREPARATION 29 

2-Butyl-4-(1-hydroxy-1-methylethyl)imidazole-5-carbonitrile 

Following a procedure similar to that described in Preparation 23(i), but using 4-acetyl-2-butyiimidazole- 
5-carbontoile [prepared as described in Preparation 24(i)] and a solution of methyl magnesium bromide in tet- 
rahydrofuran, the title compound, melting at 171 - 172°C, was obtained in a 66.3% yield. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 + CD 3 OD), 8 ppm: 

0.91 (3H, triplet, J = 7 Hz); 

1.0-2.1 (4H, multiplet); 

1.62 (6H, singlet); 

2.69 (2H, triplet, J = 7 Hz). 

PREPARATION 30 

2-Butyl-4-[1-hydroxy-2-methyM-(1-mefo^ 

Following a procedure similar to that described in Preparation 23(i), but using 2-butyW-isobutyrylimidazole- 
5-carbonfaile (prepared as described in Preparation 27) and a solution of isopropylmagnesium bromide in tet- 
rahydrofuran, the title compound, melting at 63 - 65°C, was obtained in a 87% yield. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ), 8 ppm: 

0.7- 1.0 (3H, multiplet); 

0.87 (6H, doublet, J = 7 Hz); 

0.91 (6H, doublet, J = 7 Hz); 

1.0-2.1 (4H, multiplet); 

2.0 - 2.9 (2H, multiplet); 

2.71 (2H, triplet, J = 7 Hz). 
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PREPARATION 31 

(5-Methyl-2-oxo-1,3^ioxolen-4-y1)memyl4-(1-h^ 

1.76 ml of N^r^dlisopropyiethylamine were added to a suspension of 1.06 g of 4-(1-hydroxy-1-methylet- 
hyl)-2-propylimidazole-5-cart>oxylic acid [prepared as described in Preparation 22(l)] in 10 ml of N,N-dimethy- 
lacetamide, and the resulting mixture was stirred at room temperature for 10 minutes, after which 1.12 g of 
(5-methyl-2-oxo-1 ,3-dioxolen-4-yl)methyl chloride was added, and the mixture was stirred at 60°C for 4 hours. 
At the end of this time, the reaction mixture was mixed with ethyl acetate and water. The ethyl acetate layer 
was separated and concentrated by evaporation under reduced pressure, and the concentrate was purified by 
column chromatography through silica gel, using a 1 : 1 5 by volume mixture of methanol and methylene chloride 
as the eluent, to give 1.14 g of the title compound as a viscous oil. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ), 5 ppm: 
0.94 (3H, triplet, J = 7.5 Hz); 

1.62 (6H, singlet); 
1.6- 1.8 (2H, multiplet); 
2.19 (3H. singlet); 

2.67 (2H, triplet, J = 8 Hz); 
5.03 (2H, singlet). 

PREPARATION 32 

Phthalidyl 4-(1 -hydroxy- 1-methylethyl)-2-propylimidazole-5-carboxyl ate 

Following a procedure similar to that described in Preparation 31 , but using 1 .06 g of 4-(1 -hydroxy- 1 -me- 
thyl ethyl)-2-propy1imidazole-5-carboxylic acid [prepared as described in Preparation 22(i)] and 1 .1 5 g of 3-bro- 
mophthalide, 1.63 g of the title compound were obtained as an amorphous solid. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ), 8 ppm: 

0.92 (3H, triplet, J = 7.5 Hz); 

1.64 (6H, singlet); 

1.6 - 1.75 (2H, multiplet); 

2.63 (2H, triplet, J = 7.5 Hz); 
7.63 - 7.79 (4H, multiplet); 
7.91 (1H, doublet, J = 8.5 Hz). 

PREPARATION 33 

Isopropoxycarbonyloxymethyl 4-(1-hydroxy-1-methylethyl)-2-propylimidazole-5-carboxylate 

Following a procedure similar to that described in Preparation 22(H), but using 1.06 g of 4-(1 -hydroxy- 1- 
methylethyl)-2-propylimidazole-5-carboxylic acid [prepared as described in Preparation 22(i)] and 0.83 g of iso- 
propoxycarbonyioxymethyl chloride, 1.22 g of the title compound, melting at 144 - 146°C, were obtained. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ), 5 ppm: 

0.98 (3H, triplet, J = 7.5 Hz); 

1 .32 (6H, doublet, J - 6.5 Hz); 

1.62 (6H, singlet); 

1.76 (2H, sextet, J = 7.5 Hz); 

2.69 (2H, triplet. J = 7.5 Hz); 

4.93 (1H, quintet, J = 6.5 Hz); 

5.95 (2H, singlet). 

PREPARATION 34 

2-Ethylimidazole-4,5-dicarbonitrile 

Following a procedure similar to that described in Preparation 1, but using 53.3 g of diaminomaleonttrile 
and 91.3 g of triethyl orthopropionate, 59.5 g of the title compound were obtained as crystals, melting at 179 - 
181°C. 
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PREPARATION 35 

2-Ethylimidazole-4,5-dicarboxylic acid 

5 Following a procedure similar to that described in Preparation 2, but using 45.0 g of 2-ethyiimidazole-4,5- 

dicarbonitrile (prepared as described in Preparation 34), 31 .2 g of the title compound were obtained as crystals, 
melting at 265 - 268°C. 

PREPARATION 36 

10 

Diethyl 2-ethylimida20le-4 > 5-dicarboxylate 

Following a procedure similar to that described in Preparation 3, but using 35.0 g of 2-ethyiimidazoie-4,5- 
dicarboxylic acid (prepared as described in Preparation 35), 38.7 g of the title compound were obtained as crys- 
15 tals, melting at 83 - 84°C. 

PREPARATION 37 

Ethyl 2-ethyl-4-(1-hydroxy-1-methylethyl)imidazole«5-carboxylate 

20 

Following a procedure similar to that described in Preparation 8, but using 3.60 g of diethyl 2-ethyl-imi- 
dazole-4,5-dicarboxylate (prepared as described in Preparation 36) and 60 ml of a 1 M solution of methytmag- 
nesium bromide in tetrahydrofuran, 2.05 g of the title compound were obtained as crystals, melting at 181 - 
184°C. 

25 Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl suiphoxide) S ppm: 
1.22 (3H, triplet, J = 7 Hz); 
1 .33 (3H, triplet, J = 7.5 Hz); 

1 .50 (6H, singlet); 2.65 (2H, quartet, J = 7.5 Hz); 

3.30 (1H, broad singlet); 
30 4.31 (2H, quartet, J » 7.5 Hz). 

PREPARATION 38 

N-t-Butyl^^brornomethylbiphenyl^-carboxamide 

35 

38(i) N-t-Butyl-4'-methylbiphenyl-2-carboxamide 

5.7 ml of oxalyl chloride were added dropwise, whilst ice-cooling, to a solution of 6.91 g of 4'-methylbiphe- 
nyl-2-carboxyIic acid in 70 ml of methylene chloride, and the mixture was stirred at room temperature for 2 hours. 
40 The mixture was then concentrated by evaporation under reduced pressure, and the residue was disiolved in 
70 ml of tetrahydrofuran. A solution of 7.5 ml of t-butylamine in 50 ml of tetrahydrofuran was added dropwise, 
whilst ice-cooling to the solution, and the mixture was stirred at room temperature for 10 minutes. At the end 
of this time, the reaction mixture was diluted with water and ethyl acetate. The ethyl acetate layer was separated, 
washed with aqueous sodium hydrogencarbonate and then with aqueous sodium chloride, dried over anhydr- 
45 ous sodium sulphate and concentrated by evaporation under reduced pressure, to give 7.48 g of the title com- 
pound as crystals, melting at 105 - 106.5°C (after recrystallization from ethyl acetate and hexane). 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 6 ppm: 
1.12 (9H, singlet); 
2.41 (3H, singlet); 
so 5.04 (1 H, broad singlet); 

7.2- 7.5 (7H, multiplet); 
7.71 (1H, doublet, J = 8 Hz). 

38(ii) N-t-ButyM'-bromomethylbiphenyl-2-carboxamide 

55 

4.39 g of N-bromosuccinimide and 50 mg of benzoyl peroxide were added to a solution of 6.00 g of N-t- 
butyl-4'-methylbiphenyl-2-carboxamide [prepared as described in Preparation 38(i)] in 90 ml of carbon tet- 
rachloride, and the mixture was heated under reflux for 4 hours. At the end of this time, the reaction mixture 
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was cooled to room temperature, washed with water, dried over anhydrous magnesium sulphate and concen- 
trated by evaporation under reduced pressure. The residue was purified by column chromatography through 
silica gel, using a 1 : 4 by volume mixture of ethyl acetate and hexane as the eluent, to give 7.04 g of the title 
compound as crystals, melting at 124 - 126°C. 
s Nuclear Magnetic Resonance Spectrum (CDCl 3 ) S ppm: 

1.14 (9H, singlet); 

4.55 (2H, singlet); 

4.99 (1H, broad singlet); 

7.30 - 7.72 (8H, multiplet). 

10 

PREPARATION 39 

4-lsobutyryl-2-propylimidazole-5-caroonitrile 

15 Following a procedure similar to that described in Preparation 23(i), but using 8.24 g of 2-propylimidazole- 

4,5-dicarbonitrile (prepared as described in Preparation 10) and 103 ml of a 2 M solution of isopropylmagnesium 
iodide in diethyl ether, 45.0 g of the title compound were obtained as crystals, melting at 90.5 - 91 °C. 
Nuclear Magnetic Resonance Spectrum (CDC£ 3 ) 6 ppm: 
1.01 (3H, triplet, J = 7.5 Hz); 
20 1.29 (6H, doublet, J = 6.5 Hz); 

1 .82 (2H, sextet, J = 7.5 Hz); 
2.81 (2H, triplet, J = 7.5 Hz); 
3.66 (1 H, septet, J = 6.5 Hz). 

25 PREPARATION 40 

2-Butyl-4-pivaloylimidazole-5-carbonitrile 

A solution of 10.4 g of 2-butyl imidazole^, 5-dicarbonitrile (prepared as described in Preparation 1) in 150 
30 ml of methylene chloride was added drop wise in an atmosphere of nitrogen at 10 - 15°C to 100 ml of a 2 M 
solution of t-butylmagnesium chloride in diethyl ether, and the mixture was stirred at the same temperature for 
1 hour. 200 ml of ethyl acetate and 100 ml of aqueous potassium hydrogensulphate were then added dropwise 
to the reaction mature, and the mixture was stirred at room temperature for 20 minutes. At end of this time, 
insoluble materials were removed by filtration, and the organic layer was separated, dried over anhydrous mag- 
35 nesium sulphate and concentrated by evaporation under reduced pressure. The residue was purified by column 
chromatography through silica gel, using a 1 : 3 by volume mixture of ethyl acetate and hexane as the eluent, 
to give 7.95 g of the title compound as crystals, melting at 135 - 137°C. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 ) 5 ppm: 
0.95 (3H, triplet, J - 7.5 Hz); 
40 1 .42 (2H, septet J = 7.5 Hz); 

1.46 (9H, singlet); 
1.75 (2H, quintet, J = 7.5 Hz); 
2.79 (2H, triplet, J = 7.5 Hz). 

45 PREPARATION 41 

2-Propyl-4-pivaloylimidazole-5-carbonitrile 

Following a procedure similar to that described in Preparation 40, but using 3.2 g of 2-propyiimidazole-4,5- 
50 dicarbonitrile (prepared as described in Preparation 10) and 33 ml of a 2 M solution of t-butylmagnesium 
chloride in diethyl ether, 2.35 g of the title compound were obtained as crystals, melting at 176 - 178°C. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 ) 5 ppm: 
0.93 (3H, triplet, J = 7.5 Hz); 
1.36 (9H, singlet); 
55 1 .75 (2H, sextet, J = 7.5 Hz); 

2.68 (2H, triplet, J = 7.5 Hz). 
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Claims 

1. A compound of formula (I): 



5 



10 



15 




20 

in which: 

R 1 represents an alkyl group having from 1 to 6 carbon atoms or an alkenyl group having from 3 to 6 carbon 
atoms; 

R 2 and R 3 are the same or different and each represents: 
25 a hydrogen atom; 

an alkyl group having from 1 to 6 carbon atoms; 
an alkenyl group having from 3 to 6 carbon atoms; 

a cycloalkyl group having a total of from 3 to 10 ring carbon atoms in one or more saturated car- 
bocycllc rings; 

30 an aralkyi group in which the alkyl part has from 1 to 6 carbon atoms and the aryi part is as defined 

below; 

an aryl group as defined below; or 

a fused ring system in which an aryl group, as defined below, is fused to a cycloalkyl group having 
from 3 to 10 carbon atoms; 
35 R 4 represents: 

a hydrogen atom; 

an alkyl group having from 1 to 6 carbon atoms; 
an alkanoyl group having from 1 to 6 carbon atoms; 

a substituted alkanoyl group having from 2 to 6 carbon atoms and substituted by at least one sub- 
40 stituent selected from halogen atoms and alkoxy groups having from 1 to 6 carbon atoms; 

an aikenoyl group having from 3 to 6 carbon atoms; 
an aryicarbonyl group in which the aryl part is as defined below; 
an alkoxy carbonyl group in which the alkyl part has from 1 to 6 carbon atoms; 
a tetrahydropyranyl, tetrahydrothiopyranyi, tetrahydrothienyi or tetrahydrofuryl group; 
45 a substituted tetrahydropyranyl, tetrahydrothiopyranyl, tetrahydrothienyi or tetrahydrofuryl group 

which is substituted by at least one substituent selected from halogen atoms and alkoxy groups having 
from 1 to 6 carbon atoms; 

a group of formula -SiR a R b R c , in which 1 , 2 or 3 of the groups represented by R a , R b and R c are the 
same or different and each represents an alkyl group having from 1 to 6 carbon atoms, and 2, 1 or 0 of 
so the groups represented by R a , R b and R c are the same or different and each represents an aryl group, as 

defined below; 

an alkoxymethyl group in which the alkoxy part has from 1 to 6 carbon atoms; 

an (alkoxyalkoxy)methyl group in which each alkoxy part has from 1 to 6 carbon atoms; 

a haloalkoxymethyl group in which the alkoxy part has from 1 to 6 carbon atoms; 
55 an aralkyi group, in which an alkyl group having from 1 to 6 carbon atoms is substituted by at least 

one aryl group, as defined below; or 

an alkanoyloxymethoxycarbonyl group in which the alkanoyl part has from 1 to 6 carbon atoms; 
R5 represents a carboxy group or a group of formula -CONR 8 R 9 , in which R 8 and R 9 are the same or dif- 
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ferent and each represents 
a hydrogen atom, 

an unsubstituted alkyl group having from 1 to 6 carbon atoms, or 

a substituted alkyl group which has from 1 to 6 carbon atoms and which is substituted by at least 
one of substituents (a), defined below, or 

R 8 and R 9 together represent an unsubstituted alkylene group having from 2 to 6 carbon atoms or a sub- 
stituted alkylene group which has from 2 to 6 carbon atoms and which is substituted by at least one sub- 
stituent selected from carboxy groups and alkoxycarbonyt groups in which the alkyl part has from 1 to 6 
carbon atoms; 

R 6 represents a hydrogen atom, an alkyl group having from 1 to 6 carbon atoms, an alkoxy group having 
from 1 to 6 carbon atoms or a halogen atom; 

R 7 represents a carboxy group or a tetrazol-5-yl group; said substituents (a) are selected from: 
aryl groups as defined below; 

heterocyclic groups having 5 or 6 ring atoms, of which from 1 to 4 are nitrogen and/or oxygen and/or 
sulphur hetero-atoms; 
halogen atoms; 
hydroxy groups; 

alkoxy groups having from 1 to 6 carbon atoms; 
carboxy groups 

alkoxycarbonyl groups in which the alkyl part has from 1 to 6 carbon atoms; 
amino groups; and 

acyl amino groups, in which the acyi part is an alkanoyl group having from 1 to 6 carbon atoms or 
an arylcarbonyl group, in which the aryl part is as defined below, 

said aryl groups are aromatic carbocyclic groups which have from 6 to 14 ring atoms and which are unsub- 
stituted or are substituted by at least one of substituents (b), defined below; and 
said substituents (b) are selected from nitro groups, cyano groups, halogen atoms, unsubstituted car- 
bocyclic aryl groups having from 6 to 10 ring atoms, alkyl groups having from 1 to 6 carbon atoms, alkoxy 
groups having from 1 to 6 carbon atoms, carboxy groups, alkoxycarbonyl groups in which the alkoxy part 
has from 1 to 6 carbon atoms and alkylenedioxy and alkylidenedioxy groups having from 1 to 3 carbon 
atoms; 

and pharmaceutical ly acceptable salts and esters thereof. 

A compound according to Claim 1, which is an ester in which R 5 is a group of formula -COOR 53 , where 
R5a represents: 

an alkyl group having from 1 to 6 carbon atoms; 

a haloalkyl group having from 1 to 6 carbon atoms; 

a hydroxyalkyl group having from 1 to 6 carbon atoms; 

an alkoxyalkyl or alkoxyalkoxyalkyl group in which the alkoxy and the alkyl parts each have from 1 
to 6 carbon atoms; 

a phenacyl group or a phenacyi group which is substituted by one or more of substituents (b), 
defined in Claim 1; 

an alkoxycarbonylalkyi group, in which the alkoxy and the alkyl parts each have from 1 to 6 carbon 

atoms; 

a cyanoalkyl group having from 1 to 6 carbon atoms; 
an alkyltnioalkyl group in which each alkyl part has from 1 to 6 carbon atoms; 
an arylthioalkyl group in which the alkyl part has from 1 to 6 carbon atoms, and the aryl part is as 
defined in Claim 1; 

an alkylsulphonylalkyl group in which each alkyl part has from 1 to 6 carbon atoms; 
an arylsulphonylalkyl group in which the alkyl part has from 1 to 6 carbon atoms, and the aryl part 
is as defined in Claim 1; 

an aryl group as defined in Claim 1; 

an aralkyl group in which the alkyl part has from 1 to 6 carbon atoms, and the aryl part is as defined 
in Claim 1 ; 

a group of formula -SiR d R e R f (in which R d , R* and R f are as defined in Claim 1 in relation to R a , R b 
and R c ); 

an alkanoyloxyalkyl group in which each of the alkanoyl and the alkyl parts has from 1 to 6 carbon 

atoms; 

a cycloalkanoyloxyalkyl group in which the cycloalkyl part has 5 or 6 carbon atoms and the alkyl 
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part has from 1 to 6 carbon atoms; 

an alkoxycarbonyloxyalkyt group in which each of the aikoxy and the alkyl parts has from 1 to 6 
carbon atoms; 

a cydoalkoxycarbonyioxyalkyi group in which the cycloaikyi part has 5 or 6 carbon atoms and the 
alkyl parts has from 1 to 6 carbon atoms; 

a [5-(aryl- or alkyl-)-2-oxo-1 ,3-dioxolen-4-yl]methy1 group in which the alkyl part has from 1 to 6 car- 
bon atoms and the aryi part is as defined in Claim 1 ; or 

a phthalidyl group. 

A compound according to Claim 2, in which R 53 represents: 
a Ci - C 4 alkyl group; 

a phenyl, naphthyl or substituted phenyl group having at least one methyl, ethyl, methoxy, ethoxy, 
fluoro or chloro substituent; 

a benzyl, diphenylmethyl or a- or 0- naphthylmethyl group; 

a substituted benzyl group having at least one methyl, ethyl, methoxy, ethoxy, fluoro or chloro sub- 
stituent; 

a group of formula SiR d R°R f in which 1 , 2 or 3 of the groups represented by R d , R e and R f are the 
same or different and each represents an alkyl group having from 1 to 4 carbon atoms, and 2, 1 or 0 are 
phenyl groups; 

an alkanoyioxyalkyl group in which the alkanoyl group has from 1 to 5 carbon atoms and the alkyl 
group has from 1 to 4 carbon atoms; 

a cycloalkanoyloxyalkyl group in which the cycloaikyi part has 5 or 6 carbon atoms and the alkyl 
part has from 1 to 4 carbon atoms; 

an alkoxycarbonyloxyalkyt group in which each of the aikoxy part and the alkyl part has from 1 to 
4 carbon atoms; 

a cydoalkoxycarbonyioxyalkyi group in which the cydoalkyl part has 5 or 6 carbon atoms and the 
alkyl part has from 1 to 4 carbon atoms; 

a [5-(phenyl or alkyl-)-2-oxo-1,3-dioxolen-4-yl]methyl group in which the alkyl part has from 1 to 4 
carbon atoms; or 

a phthalidyl group. 

A compound according to Claim 2, in which R 68 represents: 
a C 1 - C 4 alkyl group; 
the benzyl group; 

an alkanoyioxyalkyl group in which the alkanoyl part has from 1 to 5 carbon atoms and the alkyl 
part has 1 or 2 carbon atoms; 

a cycloalkanoyloxyalkyl group in which the cycloaikyi part has 5 or 6 carbon atoms and the alkyl 
part has 1 or 2 carbon atoms; 

an alkoxycarbonyioxyalkyl group in which the aikoxy part has from 1 to 4 carbon atoms and the 
alkyl part has 1 or 2 carbon atoms; 

a cydoalkoxycarbonyioxyalkyi group in which the cydoalkyl part has 5 or 6 carbon atoms and the 
alkyl part has 1 or 2 carbon atoms; 

a [5-(phenyl or alkyl-)-2-oxo-1 ,3-dioxolen-4-yl]methyl group in which the alkyl part has 1 or 2 carbon 
atoms; or 
a phthalidyl group. 

A compound according to Claim 2, in which R 5 * represents a pivaloyloxymethyl, ethoxycarbonyloxymethyl, 
Hethoxycarbonyloxy)ethyl, isopropoxycarbonyloxymethyl, (l-isopropoxycarbonyloxy)ethyr, (5-methyl-2- 
oxc-1,3-dioxolen-4-yl)methyl or phthalidyl group. 

A compound according to any one of Claims 1 to 5, in which R 1 represents an alkyl group having from 2 
to 5 carbon atoms or an alkenyl group having from 3 to 5 carbon atoms. 

A compound according to any one of Claims 1 to 6, in which R 2 and R 3 are the same or different and each 
represents: 

a hydrogen atom, 

an alkyl group having from 1 to 4 carbon atoms, 
an alkenyl group having from 3 to 5 carbon atoms, 
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a cydoalkyl group having 5 or 6 carbon atoms, 
a benzyl, naphthyl or phenyl group, or 

a substituted benzyl or phenyl group which is substituted by at least one of substituents (b'), defined 

below; 

substituents (b') are selected from methyl, ethyl, methoxy and ethoxy groups and fluorine and chlorine 
atoms. 

A compound according to any one of Claims 1 to 7, in which R 4 represents: 
a hydrogen atom, 

an alkyl group having from 1 to 4 carbon atoms, 
an alkanoyl group having from 1 to 5 carbon atoms, 

a substituted alkanoyl group which has 2 or 3 carbon atoms and which is substituted by at least 
one substituent selected from fluorine and chlorine atoms and methoxy and ethoxy groups, 
an alkenoyl group having from 3 to 5 carbon atoms, 
a naphthoyl group, 
a benzoyl group, 

a substituted benzoyl group which is substituted by at least one of substituents (b'), defined in Claim 7, 
an alkoxycarbonyl group having from 2 to 5 carbon atoms, 

a tetrahydropyranyl, tetrahydrothiopyranyl, tetrahydrothienyl or tetrahydrofuryl group, 

a substituted tetrahydropyranyl, tetrahydrothiopyranyl, tetrahydrothienyl or tetrahydrofuryl group 

which is substituted by at least one substituent selected from chlorine and bromine atoms and methoxy 

groups, 

a group of formula -SiR a R b R c , in which 1 , 2 or 3 of the groups represented by R a , R b and R c are the 
same or different and each represents an alkyl group having from 1 to 4 carbon atoms, and 2, 1 or 0 of 
the groups represented by R a , R b and R° are phenyl groups, 

a methoxymethyl, 1-methoxyethoxymethyl, 2,2,2-trichloroethoxymethyl, b is (2-c hi oroethoxy) me- 
thyl, benzyl, diphenyimethyt or naphthylmethyl group or a substituted benzyl group which is substituted 
by at least one of substituents (b')» defined in Claim 7, or 

a pivaloyloxymethoxycarbonyl group; 

A compound according to any one of Claims 1 to 8, in which R 5 represents a group of formula -COOR 50 
or a group of formula -CONR 8 R 9 , in which: 
R 68 represents 

a hydrogen atom, 

an alkyl group having from 1 to 4 carbon atoms, a phenyl, naphthyl, benzyl, diphenyl methyl 
or naphthylmethyl group, 

a substituted phenyl or benzyl group which is substituted by at least one of substituents (b')> 
defined in Claim 7, 

a group of formula -SiR a R b R c , in which R a , R b and R c are as defined in Claim 8, 

an alkanoyloxyalkyl group, in which the alkanoyl part has from 1 to 5 carbon atoms, and the 
alkyl part has from 1 to 4 carbon atoms, 

a cycloalkanoyioxyalkyl group, in which the cycloalkanoyl part has 6 or 7 carbon atoms, and 
the alkyl part has from 1 to 4 carbon atoms, 

an alkoxycarbonyloxyalkyl group, in which the alkoxy part has from 1 to 4 carbon atoms, and 
the alkyl part has from 1 to 4 carbon atoms, 

a cycloalkoxycarbonyloxy alkyl group, in which the cycloalkoxy part has 5 or 6 carbon atoms, 
and the alkyl part has from 1 to 4 carbon atoms, 

a [5-(phenyl- or alkyl-)-2-oxo-1 ,3-dioxolen-4-yQmethyl group in which the alkyl part has from 
1 to 4 carbon atoms, or 

a phthalidyi group; 
R 8 and R 9 are the same or different and each represents: 

a hydrogen atom, 

an alkyl group having from 1 to 4 carbon atoms, and a substituted alkyl group which has from 
1 to 4 carbon atoms and which is substituted by at least one of substituents (a'), defined below; 

or R 8 and R 9 together represent an unsubstituted alkylene group which has 4 or 5 carbon atoms or 
a substituted alkylene group which has 4 or 5 carbon atoms and which is substituted by at least one sub- 
stituent selected from carboxy groups, methoxycarbonyl groups and ethoxycarbonyl groups; 
substituents (a') are selected from phenyl groups, furyl groups, thienyl groups, fluorine atoms, chlorine 
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atoms, hydroxy groups, methoxy groups, ethoxy groups, carboxy groups and alkoxycarbonyl groups hav- 
ing from 2 to 5 carbon atoms. 

A compound according to any one of Claims 1 to 9, in which R 6 represents a hydrogen atom, an alkyl group 
having from 1 to 4 carbon atoms, an aikoxy group having from 1 to 4 carbon atoms, a fluorine atom, a 
chlorine atom or a bromine atom. , 

A compound according to any one of Claims 1 to 10, in which R 7 represents a carboxy group or a tetrazol- 
5-yl group. 

A compound according to any one of Claims 1 to 1 1 , in which the benzene ring which bears the substituents 
represented by R 6 and R 7 is at the 3- or 4- position of the benzyl group to which it is attached. 

A compound according to any one of Claims 1 to 5, in which: 

R 1 represents an alkyl group having from 2 to 5 carbon atoms or an alkenyl group having from 3 to 5 carbon 
atoms; 

R 2 and R 3 are the same or different and each represents: 
a hydrogen atom, 

an alkyl group having from 1 to 4 carbon atoms, 
an alkenyl group having from 3 to 5 carbon atoms, 
a cycloalkyl group having 5 or 6 carbon atoms, 
a benzyl, naphthyl or phenyl group, or 

a substituted benzyl or phenyl group which is substituted by at least one of substituents (b') f defined 
in Claim 7; 
R 4 represents: 

a hydrogen atom, 

an alkyl group having from 1 to 4 carbon atoms, 
an alkanoyl group having from 1 to 5 carbon atoms, 

a substituted alkanoyl group which has 2 or 3 carbon atoms and which is substituted by at least 
one substrtuent selected from fluorine and chlorine atoms and methoxy and ethoxy groups, 
an alkenoyl group having from 3 to 5 carbon atoms, 
a naphthoyl group, 
a benzoyl group, 

a substituted benzoyl group which is substituted by at least one of substituents (b'), defined in Claim 7, 
an alkoxycarbonyl group having from 2 to 5 carbon atoms, 

a tetrahydropyranyl, tetrahydrothiopyranyl, tetrahydrothienyl ortetrahydrofuryl group, 

a substituted tetrahydropyranyl, tetrahydrothiopyranyl, tetrahydrothienyl or tetrahydrofuryl group 

which is substituted by at least one substituent selected from chlorine and bromine atoms and methoxy 

groups, 

a group of formula -SiR a R b R c , in which 1 , 2 or 3 of the groups represented by R a , R b and R c are the 
same or different and each represents an alkyl group having from 1 to 4 carbon atoms, and 2, 1 or 0 of 
the groups represented by R a , R b and R c are phenyl groups, 

a methoxymethyl, 1 -methoxy ethoxy methyl, 2,2,2-trichloroethoxymethyl, bis(2-chloroethoxy)me- 
thyl, benzyl, diphenylmethyl or naphthylmethyl group or a substituted benzyl group which is substituted 
by at ieast one of substituents (b'), defined in Claim 7, or 

a pivaloyloxymethoxycarbonyl group; 
Rs represents a group of formula -COOR 68 or a group of formula -CON R 8 R 9 , in which: 

R 68 represents 

a hydrogen atom, 

an alkyl group having from 1 to 4 carbon atoms, 
a phenyl, naphthyl, benzyl, diphenylmethyl or naphthylmethyl group, 
a substituted phenyl or benzyl group which is substituted by at least one of substituents (b'), 
defined in Claim 7, 

a group of formula -SiR a R b R c , in which R a , R b and R c are as defined above, 
an alkanoyloxyalkyl group, in which the alkanoyl part has from 1 to 5 carbon atoms, and the 
alkyl part has from 1 to 4 carbon atoms, 

a cycloalkanoyloxyalkyl group, in which the cycloalkanoyl part has 6 or 7 carbon atoms, and 
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the alkyl part has from 1 to 4 carbon atoms, 

an alkoxycarbonyloxyalkyl group, in which the alkoxy part has from 1 to 4 carbon atoms, and 
the alkyl part has from 1 to 4 carbon atoms, 

a cycloaJkoxycarbonyloxyalkyl group, in which the cycloalkoxy part has 5 or 6 carbon atoms, 
5 and the alkyl part has from 1 to 4 carbon atoms, 

a [5-(phenyl- or a!kyl-)-2-oxo-1 ,3-dioxolen-4-yl]methyl group in which the alkyl part has from 
1 to 4 carbon atoms, or 

a phthaiidyl group; 
R 8 and R 9 are the same or different and each represents: 
10 a hydrogen atom, 

an alkyl group having from 1 to 4 carbon atoms, and a substituted alkyl group which has from 
1 to 4 carbon atoms and which is substituted by at least one of substituents (a'), defined in Claim 9; 

or R 8 and R 9 together represent an unsubstituted alkylene group which has 4 or 5 carbon atoms or 
a substituted alkylene group which has 4 or 5 carbon atoms and which is substituted by at least one sub- 
15 stituent selected from carboxy groups, methoxycarbonyi groups and ethoxycarbonyi groups; 

R 6 represents a hydrogen atom, an alkyl group having from 1 to 4 carbon atoms, an alkoxy group having 
from 1 to 4 carbon atoms, a fluorine atom, a chlorine atom or a bromine atom; 
R 7 represents a carboxy group or a tetrazol-5-yl group; and 

the benzene ring which bears the substituents represented by R 6 and R 7 is at the St or 4- position of the 
20 benzyl group to which it is attached. 

14. A compound according to any one of Claims 1 to 5, in which: 

R 1 represents an alkyl group having from 2 to 5 carbon atoms or an alkenyl group having from 3 to 5 carbon 
atoms; 

25 R 2 and R 8 are the same or different and each represents: 

a hydrogen atom, 

an alkyl group having from 1 to 4 carbon atoms, 
an alkenyl group having from 3 to 5 carbon atoms, 

a cydoalkyl group having 5 or 6 carbon atoms, or a benzyl or phenyl group; 
30 R 4 represents: 

a hydrogen atom, 

a methyl or ethyl group, 

an alkanoyi group having from 1 to 5 carbon atoms, 
an alkenoyl group having from 3 to 5 carbon atoms, 
35 a benzoyl group, or 

an alkoxycarbonyi group having from 2 to 5 carbon atoms; 
R 5 represents a group of formula -COOR 53 or a group of formula -CONR 8 R 9 , in which: 
R 5 * represents 

a hydrogen atom, 

40 an alkyl group having from 1 to 4 carbon atoms, 

a benzyl group, 

an alkanoyloxyalkyl group, in which the alkanoyi part has from 1 to 5 carbon atoms, and the 
alkyl part is a methyl or ethyl group, 

a cycioalkanoyloxyalkyl group, in which the cycloalkanoyl part has 6 or 7 carbon atoms, and 
45 the alkyl part is a methyl or ethyl group, 

an alkoxycarbonyloxyalkyl group, in which the alkoxy part has from 1 to 4 carbon atoms, and 
the alkyl part is a methyl or ethyl group, 

a cycloalkoxycarbonyloxyalkyl group, in which the cycloalkoxy part has 5 or 6 carbon atoms, 
and the alkyl part is a methyl or ethyl group, 
so a [5-(phenyl-, methyl- or ethyl-)-2-oxo-1 ,3-dioxolen-4-yl]methyl group, or 

a phthaiidyl group; 
R 8 and R 9 are the same or different and each represents: 
a hydrogen atom, 
a methyl group, 
55 an ethyl group, or 

a substituted methyl or ethyl group which is substituted by at least one substituent selected 
from carboxy groups, methoxycarbonyi groups and ethoxycarbonyi groups; 

or R 8 and R 9 together represent an unsubstituted alkyl ene group which has 4 or 5 carbon atoms or 
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a substituted alkylene group which has 4 or 5 carbon atoms and which is substituted by at least one sub- 

stituent selected from carboxy groups, methoxycarbonyl groups and ethoxycarbonyl groups; 

R 6 represents a hydrogen atom, or it represents a methyl group, an ethyl group, a methoxy group, an 

ethoxy group, a fluorine atom or a chlorine atom on the 6-position of the benzene ring; 

R7 represents a carboxy group or a tetrazol-5-yl group at the 2- or 3- position of the benzene ring; and the 

benzene ring which bears the substituents represented by R 6 and R 7 is at the 4-position of the benzyl group 

to which it is attached. 

15. A compound according to any one of Claims 1 to 5, in which: 
R 1 represents an alkyl group having from 2 to 5 carbon atoms; 

R2 and R 3 are the same or different and each represents a hydrogen atom or an alkyl group having from 
1 to 4 carbon atoms; 

r* represents a hydrogen atom, a methyl group, an ethyl group or an alkanoyl group having from 1 to 5 
carbon atoms; 

R5 represents a group of formula -COOR 6 * or a group of formula -CONR a R 9 , in which: 
R5a represents 

a hydrogen atom, 

a methyl, ethyl or benzyl group, 

an alkanoyloxymethyl group, in which the alkanoyl part has from 1 to 5 carbon atoms, 
a 1-(alkanoyloxy)ethyl group, in which the alkanoyl part has from 1 to 5 carbon atoms, 
an alkoxycarbonyloxymethyl group, in which the alkoxy part has from 1 to 4 carbon atoms, 
a 1-(alkoxycarbonyloxy)ethyl group, in which the alkoxy part has from 1 to 4 carbon atoms, 
a [5-(phenyl- or methyl-)-2-oxo-1 ,3-dioxolen-4-yl]methyl group, or 
a phthalidyl group; 

R8 a nd R 9 are the same or different and each represents a hydrogen atom, a methyl group, an ethyl 
group, a methoxycarbonyl methyl group, an ethoxycarbonylmethyl group or a carboxymethyl group; or 

R B and R 9 together represent a tetramethylenei pentamethylene, 1-carboxytetramethyleneor 1-car- 
boxypentamethylene group; 

R6 represents a hydrogen atom, or it represents a methyl group, an methoxy group, a fluorine atom or a 
chlorine atom at the 6-position of the benzene ring; 

R 7 represents a carboxy group or a tetrazol-5-yl group at the 2-position of the benzene ring; and 

the benzene ring which bears the substituents represented by R 6 and R 7 is at the 4-position of the benzyl 

group to which it is attached. 

16. A compound according to any one of Claims 1 to 5, in which: 
R 1 represents an ethyl, propyl or butyl group; 

R2 and R 3 are the same or different and each represents a hydrogen atom or a methyl group; 
R 4 represents a hydrogen atom or a methyl group; 

R6 represents a group of formula -COOR 5a , in which R 5 * represents a hydrogen atom, a pivaloyioxymethyl 
group, an ethoxycarbonyloxymethyl group, a 1 -(ethoxycarbonyl oxy)ethyl group, an isopropoxycar- 
bonyioxymethyl group, a 1-(isopropoxycarbonyloxy)ethyl group, a (5-methyl-2-oxo-1,3-dioxolen-4-yl)me- 
thyl group, or a phthalidyl group; 
R 6 represents a hydrogen atom; 

R 7 represents a carboxy group or a tetrazol-5-yl group at the 2-position of the benzene ring; and 

the benzene ring which bears the substituents represented by R 6 and R 7 is at the 4-position of the benzyl 

group to which it is attached. 

17. A compound according to any one of Claims 1 to 5, in which: 
R 1 represents an ethyl, propyl or butyl group; 

R 2 represents an isopropyl group or a t-butyl group; 

R 3 represents a hydrogen atom; 

R 4 represents a hydrogen atom or a methyl group; 

R5 represents a group of formula -CONR 8 R 9 , in which R 8 and R 9 are the same or different and each rep- 
resents a hydrogen atom, a methyl group, a methoxycarbonylmethyl group, an ethoxycarbonylmethyl 
group, or a carboxymethyl group; 
R 6 represents a hydrogen atom; 

R 7 represents a carboxy group or a tetrazol-5-yl group at the 2-position of the benzene ring; and 

the benzene ring which bears the substituents represented by R 6 and R 7 is at the 4-position of the benzyl 
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group to which it is attached. 

18. A compound according to any one of Claims 1 to 5, in which: 
R 1 represents an ethyl, propyl or butyl group; 

R 2 and R 3 both represent methyl groups; 

R 4 represents a hydrogen atom or a methyl group; 

rs represents a group of formula -COOR 5 *, in which R 5 * represents a hydrogen atom, a pivaloyloxymethyl 
_ group, an ethoxycarbonyloxymethyl group, a 1-(ethoxycarbonyioxy)ethyl group, an isopropoxycar- 
bonyloxymethyl group, a 1-(isopropoxycarbonyloxy)ethyl group, a (5-methyl-2-oxo-1,3-dioxolen-4~yl)me- 
thyl group, or a phthaiidyi group; 
R 6 represents a hydrogen atom; 

R 7 represents a carboxy group or a tetrazol-5-yl group at the 2-position of the benzene ring; and 

the benzene ring which bears the substituents represented by R 8 and R 7 is at the 4-position of the benzyl 

group to which it is attached. 

19. 2-Butyl-1-[(2'-caifcoxybiphen 

pivaloyloxymethyl 2-butyl-1 -[(2'-carboxybiphenyl-4-yl) methyl]-4-{1-hydroxy-lHrriethylethyl)imida- 
zole-5-carboxylate; 

(5-methyl-2-oxo-1,3-dioxolen-4-yl)methyl 2-butyl-1-I(2'-carboxybiphenyi-4-yt)methyl]-4-(1-hydroxy- 
1 Hfnethylethyl)imidazole-5-carboxylate; 

H(2'-cartx)xybipheny[^yl)methyl^ acid; 

1 -{(2'-cartxDxybiphenyl-4-y1)methyl^^ acid; 

4-(1-hydroxy-1-methylemyl)-2-propyl-1-{4^^ 
boxylicacid; 

2-butyM-(1 -hydroxy-1 -methylethylhH^ 

acid; 

pivaloyloxymethyl 4-(1 -hydroxy-1 -m^ 
dazole-5-carboxylate ; 

pivaloyloxymethyl 2-buty1-4-<1 -hydroxy- 1 -methylethyl)-1 ^4^^tetrazol-5-yl)phenyl]phenyl}methyl imi- 
dazoie-5-carboxytate; 

(5-methyl-2-oxo-1,3-dioxolen-4-yi)methyl 4-(1-hydroxy-1-methylethyl)-2-propyl-1-{4-[2-(tetrazol-5- 
yl)phenyl] pheny1}methylimidazole-5-carboxylate; 

(5-methyl-2-oxo-1,3-dioxolen-4-yl)methyl 2-butyl-4-(1-hydroxy-1-methyiethyl)-1-(4-{2-(tetrazol-5- 
yl)phenyl]pheny1}methylimidazole-5-carboxylate; 

ethoxycarbonyloxymethyl 4-( 1 -hydroxy- 1-methylethyl)-2-propyl-1-{4-[2-(tetrazol-5-yl)phenyl)phe- 
nyl)methylimidazole-5-carboxylate; 

isopropoxycarbonyloxymethyl 4-<1 -hydroxy-1-methylethyl)-2-propyl-H^ 
nyl}methylimidazole-5-carboxylate; 

1-(ethoxycarbonyloxy)ethyl 4-(1-hydroxy-1-methylethyl)-2-propyl-1-{4-I2-(tetrazol-5-yl) phenyl] 
p henyl}methyl imidazol e-5-carboxylate; 

1-{isopropoxycarbony1oxy)emyl4-<1-hydroxy-1-me^ 
phenyl}methyl imidazol e-5-carboxylate; 

pivaloyloxymethyl 2-ethyl-4-(1 -hydroxy-1 -methylethyl) 1 -{4-[2Ktetrazol-5-yl)phenyQphenyl}methyl- 
imidazole-5-carboxylate; 

(5-methyi-2-oxo-1 ,3-dioxde r>4-yl)methyl 2-ethyl-4-<1 -hydroxy-1 -methylethyl)-1 -{4-{2-{tetrazol-5-yl)phe- 
nyl]phenyl}methytimidazde-5-carboxylate; 

pivaloyloxymethyl 1 -[(2'-cajt>oxybiphenyl-4-yl)methylH-{1 -hydroxy-1 -methyl ethyl)-2-propyl imidazole- 
5-carboxylate; 

(5-methyl-2-oxo-1,3-dioxolen-4-yl)methyl 1-[(2'-carooxybiphenyl-4-yl)methylH-(1-hydroxy-1-methyl- 
ethyl)-2-propyl imidazole-5-carboxylate ; 

phthaiidyi 1-{(2'-carboxybiphenyl-4-yl)methylJ-4-(1 -hydroxy-1 -methylethyl)-2-propylimldazole-5-car- 
boxylate; 

4-(1-hydroxyethyl)-2-propyl-H4-{2-(tetrazol-5-yl) phenyl]phenyl}methylimidazole-5-carboxylic acid; 
pivaloyloxymethyl 4-(1-riydroxyeto^ 
5-carboxylate; 

(5-methyl-2-oxo-1 ,3-dioxolen-4-yl)methyl 4-{1-hydroxyethyl)-2-propyl-1 -{4-[2-(tetrazol-5-yl)phenyl] 
phenyl}m ethyl imidazol e-5-carboxyl ate; 

and pharmaceutically acceptable salts thereof. 
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20. A pharmaceutical composition for the treatment or prophylaxis of hypertension, which comprises an anti- 
hypertensive agent in admixture with a pharmaceutical^ acceptable carrier or diluent, in which the anti- 
hypertensive agent is at least one compound of formula (I) or a pharmaceutical^ acceptable salt or ester 
thereof, as claimed in any one of Claims 1 to 19. 

21. The use of compounds of formula (I) and pharmaceutical^ acceptable salts and esters thereof, as claimed 
in any one of Claims 1 to 1 9, in therapy. 

22. The use of compounds of formula (I) and pharmaceutically acceptable salts and esters thereof, as claimed 
in any one of Claims 1 to 1 9, for the manufacture of a medicament for the treatment or prophylaxis of hyper- 
tension. 

23. A process for preparing a compound according to any one of Claims 1 to 19, which comprises the steps: 
reacting a compound of formula (II): 




[in which: 

R 1 is as defined in Claim 1 and R d represents a group of formula 

R2 

— C— R3 

I 

OR* 

wherein R 2 , R 3 and R 4 are as defined in Claim 1 , 
or R d represents a group of formula -COOR f wherein R f represents a carboxy-protecting group, R d repre- 
sents a group of formula -COR 2 , wherein R 2 is as defined above, or R d represents a cyano group; and 
R© represents a cyano group, a carboxy group or a group of formula -COOR f , wherein R f is as defined 
above, 

with a compound of formula (III): 



X 




in which: R 6 is as defined above; R 7a represents a protected carboxy group, a cyano group, a protected 
tetrazol-5-yl group, a carbamoyl group or an alkylcarbamoyl group; and X represents a halogen atom; 
to give a compound of formula (IV): 
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10 



15 




(IV) 



20 



25 



wherein R d , R°, R 1 , R 6 and R 7a are as defined above; and 

in any order, removing protecting groups, and, if necessary, converting said group R d to a group of formula 

— C-R* 
OR 4 



30 



wherein R 2 , R 3 and R 4 are as defined above, 
and, if necessary, converting said group R» to a group R 5 , converting said group R 7a to a group R 7 , or 
alkylating or acylating a hydroxy group in R 4 , to give a compound of formula (I); and 
optionally salifying or esterifying the product. 



Claims for the following Contracting States: ES, GR 

35 1. A process for preparing a compound of formula (I): 



R2 V R3 



40 



45 



50 




(0 



in which: 

Ri represents an alkyl group having from 1 to 6 carbon atoms or an alkenyl group having from 3 to 6 carbon 
55 atoms; 

R 2 and R 3 are the same or different and each represents: 
a hydrogen atom; 

an alkyl group having from 1 to 6 carbon atoms; 
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an alkenyl group having from 3 to 6 carbon atoms; 

a cydoalkyl group having a total of from 3 to 10 ring carbon atoms in one or more saturated car- 
bocyclic rings; 

an aralkyi group in which the alkyl part has from 1 to 6 carbon atoms and the aryl part is as defined 

below; 

an aryl group as defined below; or 

a fused ring system in which an aryl group, as defined below, is fused to a cycloalkyl group having 
from 3 to 10 carbon atoms; 
R 4 represents: 

a hydrogen atom; 

an alkyl group having from 1 to 6 carbon atoms; 
an alkanoyl group having from 1 to 6 carbon atoms; 

a substituted alkanoyl group having from 2 to 6 carbon atoms and substituted by at least one sub- 
stituent selected from halogen atoms and alkoxy groups having from 1 to 6 carbon atoms; 

an aikenoyl group having from 3 to 6 carbon atoms; 

an aryicarbonyl group in which the aryl part is as defined below; 

an alkoxycarbonyl group in which the alkyl part has from 1 to 6 carbon atoms; 

a tetrahydropyranyl, tetrahydrothiopyranyl, tetrahydrothienyl or tetrahydrofuryl group; 

a substituted tetrahydropyranyl, tetrahydrothiopyranyl, tetrahydrothienyl or tetrahydrofuryl group 
which is substituted by at least one substituent selected from halogen atoms and alkoxy groups having 
from 1 to 6 carbon atoms; 

a group of formula -SiR a R b R c , in which 1 , 2 or 3 of the groups represented by R a R b and R c are the 
same or different and each represents an alkyl group having from 1 to 6 carbon atoms, and 2, 1 or 0 of 
the groups represented by R a , R b and R c are the same or different and each represents 

an aryl group, as defined below; 

an alkoxymethyl group in which the alkoxy part has from 1 to 6 carbon atoms; 

an (alkoxyalkoxy)methyl group in which each alkoxy part has from 1 to 6 carbon atoms; 

a haloalkoxymethyl group in which the alkoxy part has from 1 to 6 carbon atoms; 

an aralkyi group, in which an alkyl group having from 1 to 6 carbon atoms is substituted by at least 
one aryl group, as defined below; or 

an alkanoyloxymethoxycarbonyl group in which the alkanoyl part has from 1 to 6 carbon atoms; 
R5 represents a carboxy group or a group of formula -CONR 8 R 9 , in which R 8 and R 9 are the same or dif- 
ferent and each represents 

a hydrogen atom, 

an unsubstituted alkyl group having from 1 to 6 carbon atoms, or 

a substituted alkyl group which has from 1 to 6 carbon atoms and which is substituted by at least 
one of substituents (a), defined below, or 

rs and R 9 together represent an unsubstituted alkyiene group having from 2 to 6 carbon atoms or a sub- 
stituted alkyiene group which has from 2 to 6 carbon atoms and which is substituted by at least one sub- 
stituent selected from carboxy groups and alkoxycarbonyl groups in which the alkyl part has from 1 to 6 
carbon atoms; 

Re represents a hydrogen atom, an alkyl group having from 1 to 6 carbon atoms, an alkoxy group having 
from 1 to 6 carbon atoms or a halogen atom; 
R 7 represents a carboxy group or a tetrazol-5-yi group; 
said substituents (a) are selected from: 
aryl groups as defined below; 

heterocyclic groups having 5 or 6 ring atoms, of which from 1 to4 are nitrogen a noVor oxygen and/or 
sulphur hetero-atoms; 

halogen atoms; 

hydroxy groups; 
alkoxy groups having from 1 to 6 carbon atoms; 

carboxy groups 

alkoxycarbonyl groups in which the alkyl part has from 1 to 6 carbon atoms; 
amino groups; and 

acylamino groups, in which the acyi part is an alkanoyl group having from 1 to 6 carbon atoms or 
an aryicarbonyl group, in which the aryl part is as defined below; 

said aryl groups are aromatic carbocyclic groups which have from 6 to 14 ring atoms and which are unsub- 
stituted or are substituted by at least one of substituents (b), defined below; and 
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said substituents (b) are selected from nitro groups, cyano groups, halogen atoms, unsubstituted car- 
bocyclic aryl groups having from 6 to 10 ring atoms, alkyl groups having from 1 to 6 carbon atoms, alkoxy 
groups having from 1 to 6 carbon atoms, carboxy groups, alkoxycarbonyl groups in which the alkoxy part 
has from 1 to 6 carbon atoms and alkylenedioxy and alkyl idenedioxy groups having from 1 to 3 carbon 
atoms; 

or a pharmaceutically acceptable salt or ester thereof, 
which process comprises the steps: 
reacting a compound of formula (II): 




[in which: 

R 1 is as defined above and R d represents a group of formula 

R2 

I 

C— R3 

! 

OR* 

wherein R 2 , R3 and R 4 are as defined above, 
or R d represents a group of formula -COOR f wherein R* represents a carboxy-protecting group, R d repre- 
sents a group of formula -COR 2 , wherein R 2 is as defined above, or R d represents a cyano group; and 
R e represents a cyano group, a carboxy group or a group of formula -COOR f , wherein R f is as defined 
above, 

with a compound of formula (III): 



X 

CH 2 




(HI) 



in which: R 6 is as defined above; R 7a represents a protected carboxy group, a cyano group, a protected 
tetrazol-5-yi group, a carbamoyl group or an alkylcarbamoyl group; and X represents a halogen atom; 
to give a compound of formula (IV): 
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CH 2 



(TV) 



wherein R d , R e , R 1 , R 6 and R 7a are as defined above; and 

in any order, removing protecting groups, and, if necessary, converting said group R d to a group of formula 



wherein R 2 , R 3 and R 4 are as defined above, 
and, if necessary, converting said group R* to a group R 5 , converting said group R 7a to a group R 7 , or 
alkylating or acylating a hydroxy group in R 4 , to give a compound of formula (I); and 
optionally sal'rfying or esterifying the product 

A process according to Claim 1 , in which the reagents and reaction conditions are so chosen as to prepare 
an ester of said compound of formula (I), in which R 5 is a group of formula -COOR 58 , where R 5 * represents: 

an alkyl group having from 1 to 6 carbon atoms; 

a haloalkyi group having from 1 to 6 carbon atoms; 

a hydroxyalkyl group having from 1 to 6 carbon atoms; 

an alkoxyalkyl or alkoxyalkoxyalkyl group in which the alkoxy and the alkyi parts each have from 1 
to 6 carbon atoms; 

a phenacyl group or a phenacyl group which is substituted by one or more of substituents (b), 
defined in Claim 1; 

an alkoxycarbonylalkyl group, in which the alkoxy and the alkyl parts each have from 1 to 6 carbon 

atoms; 

a cyanoalkyl group having from 1 to 6 carbon atoms; 

an alkylthioalkyl group in which each alkyl part has from 1 to 6 carbon atoms; 
an arytthioalkyl group in which the alkyl part has from 1 to 6 carbon atoms, and the aryi part is as 
defined in Claim 1; 

an alkylsulphonylalkyl group in which each alkyl part has from 1 to 6 carbon atoms; 
an arylsulphonylalkyl group in which the alkyl part has from 1 to 6 carbon atoms, and the aryl part 
is as defined in Claim 1; 

an aryl group as defined in Claim 1; 

an aralkyl group in which the alkyl part has from 1 to 6 carbon atoms, and the aryl part is as defined 
in Claim 1; 

a group of formula -SiR d R*R f (in which R*, R* and R f are as defined in Claim 1 in relation to R a , R b 
andR c ); 

an alkanoyloxyalkyl group in which each of the alkanoyl and the alkyl parts has from 1 to 6 carbon 

atoms; 

a cycloalkanoyloxyalkyi group in which the cycloalkyl part has 5 or 6 carbon atoms and the alkyl 
part has from 1 to 6 carbon atoms; 



R2 




OR 4 
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an alkoxycarbonyloxyalkyl group in which each of the alkoxy and the alkyl parts has from 1 to 6 
carbon atoms; 

a cycloalkoxycarbonyloxyalkyi group in which the cycloalkyl part has 5 or 6 carbon atoms and the 
alkyl part has from 1 to 6 carbon atoms; 

a [5-(aryl- or alkyl-)-2-oxo-1 ,3-dioxolen-4-yl]methyl group in which the alkyl part has from 1 to 6 car- 
bon atoms and the aryl part is as defined in Claim 1; or 

a phthalidyl group. 

A process according to Claim 2, in which the reagents and reaction conditions are so chosen as to prepare 
an ester of said compound of formula (l) f in which R 63 represents: 
a Ct - C 4 alkyl group; 

a phenyl, naphthyl or substituted phenyl group having at least one methyl, ethyl, methoxy, ethoxy, 
fluoro or chloro substituent; 

a benzyl, diphenylmethyl or a- or p- naphthylmethyl group; 

a substituted benzyl group having at least one methyl, ethyl, methoxy, ethoxy, fluoro or chloro sub- 
stituent; 

a group of formula SiR^R* in which 1, 2 or 3 of the groups represented by R d , R* and Rf are the 
same or different and each represents an alkyl group having from 1 to 4 carbon atoms, and 2, 1 or 0 are 
phenyl groups; 

an alkanoyloxyalkyl group in which the alkanoyl group has from 1 to 5 carbon atoms and the alkyl 
group has from 1 to 4 carbon atoms; 

a cycloalkanoyioxyalkyl group in which the cycloalkyl part has 5 or 6 carbon atoms and the alkyl 
part has from 1 to 4 carbon atoms; 

an alkoxycarbonyloxyalkyl group in which each of the alkoxy part and the alkyl part has from 1 to 
4 carbon atoms; 

a cycloalkoxycarbonyloxyalkyi group in which the cycloalkyl part has 5 or 6 carbon atoms and the 
alkyl part has from 1 to 4 carbon atoms; 

a [5-(phenyl or alkyl-)-2-oxo-1,3-dioxolen-4-yl]methyl group in which the alkyl part has from 1 to 4 
carbon atoms; or 

a phthalidyl group. 

A process according to Claim 2, in which the reagents and reaction conditions are so chosen as to prepare 
an ester of said compound of formula (I), in which R 6a represents: 

a Ci - C 4 alkyl group; 

the benzyl group; 

an alkanoyloxyalkyl group in which the alkanoyl part has from 1 to 5 carbon atoms and the alkyl 
part has 1 or 2 carbon atoms; 

a cycloalkanoyioxyalkyl group in which the cycloalkyl part has from 5 to 6 carbon atoms and the 
alkyl part has 1 or 2 carbon atoms; 

an alkoxycarbonyloxyalkyl group in which the alkoxy part has from 1 to 4 carbon atoms and the 
alkyl part has 1 or 2 carbon atoms; 

a cycloalkoxycarbonyloxyalkyi group in which the cycloalkyl part has 5 or 6 carbon atoms and the 
alkyl part has 1 or 2 carbon atoms; 

a [5-(phenyl or alkyl-)-2-oxo-1 ,3-dioxolen-4-yl]methyl group in which the alkyl part has 1 or 2 carbon 
atoms; or 

a phthalidyl group. 

A process according to Claim 2, in which the reagents and reaction conditions are so chosen as to prepare 
an ester of said compound of formula (I), in which R 68 represents a pivaloyloxymethyl, ethoxycar- 
bonytoxymethyl, 1-(ethoxycarbonyloxy)ethyl, iso pro poxy carbonytoxym ethyl, (1-isopropoxycarbonyloxy) 
ethyl, (5-methyl-2-oxo-1,3-dioxolen-4-yl)methyl or phthalidyl group. 

A process according to any one of Claims 1 to 5, in which the reagents and reaction conditions are so 
chosen as to prepare a compound of formula (I) or a salt or ester thereof, in which R 1 represents an alkyl 
group having from 2 to 5 carbon atoms or an alkenyl group having from 3 to 5 carbon atoms. 

A process according to any one of Claims 1 to 6, in which the reagents and reaction conditions are so 
chosen as to prepare a compound of formula (I) or a salt or ester thereof, in which R 2 and R 3 are the same 
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or different and each represents: 
a hydrogen atom, 

an alkyl group having from 1 to 4 carbon atoms, 
an alkenyl group having from 3 to 5 carbon atoms, 
a cycloalkyl group having 5 or 6 carbon atoms, 
a benzyl, naphthyl or phenyl group, or 

a substituted benzyl or phenyl group which is substituted by at least one of su bstituents (b'), defined 

below; 

substituents (b') are selected from methyl, ethyl, methoxy and ethoxy groups and fluorine and chlorine 
atoms. 

A process according to any one of Claims 1 to 7, in which the reagents and reaction conditions are so 
chosen as to prepare a compound of formula (I) or a salt or ester thereof, in which R 4 represents: 
a hydrogen atom, 

an alkyl group having from 1 to 4 carbon atoms, 
an alkanoyl group having from 1 to 5 carbon atoms, 

a substituted alkanoyl group which has 2 or 3 carbon atoms and which is substituted by at least 
one substituent selected from fluorine and chlorine atoms and methoxy and ethoxy groups, 
an aikenoyl group having from 3 to 5 carbon atoms, 
a naphthoyi group, 
a benzoyl group, 

a substituted henzoyl group which is substituted by at least one of substituents (b'), defined in Claim 

7, 

an alkoxycarbonyl group having from 2 to 5 carbon atoms, 

a tetrahydropyranyl, tetrahydrothiopyranyl, tetrahydrothienyi or tetrahydrofuryl group, 

a substituted tetrahydropyranyl, tetrahydrothiopyranyl, tetrahydrothienyi or tetrahydrofuryl group 

which is substituted by at least one substituent selected from chlorine and bromine atoms and methoxy 

groups, 

a group of formula -SiR a R b R c , in which 1 , 2 or 3 of the groups represented by R a , R b and R c are the 
same or different and each represents an alkyl group having from 1 to 4 carbon atoms, and 2, 1 or 0 of 
the groups represented by R a , R b and R c are phenyl groups, 

a methoxymethyl, 1 -methoxy ethoxymethyl, 2.2,2-trichloroethoxymethyl, bis(2-chloroethoxy)methyl, ben- 
zyl, diphenylmethyl or naphthylmethyl group or a substituted benzyl group which is substituted by at least 
one of substituents (b r ). defined in Claim 7, or 
a pivaloyloxymethoxycarbonyl group. 

A process according to any one of Claims 1 to 8, in which the reagents and reaction conditions are so 
chosen as to prepare a compound of formula (I) or a salt or ester thereof, in which R 5 represents a group 
of formula -COOR* 1 or a group of formula -CONR 8 R 9 , in which: 
R5a represents 

a hydrogen atom, 

an alkyl group having from 1 to 4 carbon atoms, a phenyl, naphthyl, benzyl, diphenylmethyl or 
naphthylmethyl group, 

a substituted phenyl or benzyl group which is substituted by at least one of substituents (b'), defined 
in Claim 7, 

a group of formula -SiR a R b R c , in which R a , R b and R c are as defined above, 

an alkanoyloxyalkyl group, in which the alkanoyl part has from 1 to 5 carbon atoms, and the alkyl 
part has from 1 to 4 carbon atoms, 

a cycloalkanoyloxyalkyl group, in which the cycloalkanoyl part has 6 or 7 carbon atoms, and the 
alkyl part has from 1 to 4 carbon atoms, 

an alkoxycarbonyloxyalkyl group, in which the alkoxy part has from 1 to 4 carbon atoms, and the 
alkyl part has from 1 to 4 carbon atoms, 

a cycloalkoxycarbonyloxyalkyl group, in which the cycloalkoxy part has 5 or 6 carbon atoms, and 
the alkyl part has from 1 to 4 carbon atoms, 

a [5-<phenyl- or aIkyl-)-2-oxo-1,3-dioxolen-4-yl]methyl group in which the alkyl part has from 1 to 4 
carbon atoms, or 

a phthalidyi group; 
R 8 and R 9 are the same or different and each represents: 
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a hydrogen atom, 

an aikyl group having from 1 to 4 carbon atoms, and a substituted alkyl group which has from 1 to 
4 carbon atoms and which is substituted by at least one of substituents (a'), defined below; 
or R 8 and R d together represent an unsubstituted aikylene group which has 4 or 5 carbon atoms or a sub- 
stituted alkyiene group which has 4 or 5 carbon atoms and which is substituted by at least one substituent 
selected from carboxy groups, methoxycarbonyl groups and ethoxycarbonyi groups; 
substituents (a') are selected from phenyl groups, furyl groups, thienyl groups, fluorine atoms, chlorine 
atoms, hydroxy groups, methoxy groups, ethoxy groups, carboxy groups and alkoxycarbonyi groups hav- 
ing from 2 to 5 carbon atoms. 

10. A process according to any one of Claims 1 to 9 t - in which the reagents and reaction conditions are so 
chosen as to prepare a compound of formula (I) or a salt or ester thereof, in which R 6 represents a hydrogen 
atom, an alkyl group having from 1 to 4 carbon atoms, an alkoxy group having from 1 to 4 carbon atoms, 
a fluorine atom, a chlorine atom or a bromine atom. 

11. A process according to any one of Claims 1 to 10, in which the reagents and reaction conditions are so 
chosen as to prepare a compound of formula (I) or a salt or ester thereof, in which R 7 represents a carboxy 
group or a tetrazoi-5-yi group. 

12. A process according to any one of Claims 1 to 1 1, in which the reagents and reaction conditions are so 
chosen as to prepare a compound of formula (I) or a salt or ester thereof, in which the benzene ring which 
bears the substituents represented by R 6 and R 7 is at the 3- or 4- position of the benzyl group to which it 
is attached. 



A process according to any one of Claims 1 to 5, in which the reagents and reaction conditions are so 

chosen as to prepare a compound of formula (I) or a salt or ester thereof, in which: 

R 1 represents an alkyl group having from 2 to 5 carbon atoms or an alkenyl group having from 3 to 5 carbon 

atoms; 

R 2 and R 3 are the same or different and each represents: 
a hydrogen atom, 

an alkyl group having from 1 to 4 carbon atoms, 
an alkenyl group having from 3 to 5 carbon atoms, 
a cycloalkyl group having 5 or 6 carbon atoms, 
a benzyl, naphthyl or phenyl group, or 

a substituted benzyl or phenyl group which is substituted by at least one of substituents (b'), defined 
in Claim 7; 
R 4 represents: 

a hydrogen atom, 

alkyl group having from 1 to 4 carbon atoms, 

an alkanoyl group having from 1 to 5 carbon atoms, 

a substituted alkanoyl group which has 2 or 3 carbon atoms and which is substituted by at least 
one substituent selected from fluorine and chlorine atoms and methoxy and ethoxy groups, 
an alkenoyl group having from 3 to 5 carbon atoms, 
a naphthoyl group, 
a benzoyl group, 

a substituted benzoyl group which is substituted by at least one of substituents (b'), defined in Claim 

7, 

an alkoxycarbonyi group having from 2 to 5 carbon atoms, 

a tetrahydropyranyl, tetrahydrothiopyranyl, tetrahydrothienyl or tetrahydrofuryl group, 

a substituted tetrahydropyranyl, tetrahydrothiopyranyl, tetrahydrothienyl or tetrahydrofuryl group 

which is substituted by at least one substituent selected from chlorine and bromine atoms and methoxy 

groups, 

a group of formula -SiR a R b R c , in which 1 , 2 or 3 of the groups represented by R a , R b and R c are the 
same or different and each represents an alkyl group having from 1 to 4 carbon atoms, and 2, 1 or 0 of 
the groups represented by R a , R b and R c are phenyl groups, 

a methoxymethyl, 1-methoxyethoxymethyl, 2,2,2-trichloroethoxymethyl, bis(2-chloroethoxy)me- 
thyl, benzyl, d ip he nyl methyl or n a phthy (methyl group or a substituted benzyl group which is substituted 
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by at least one of substituents (b'), defined in Claim 7, or 

a pivaloyioxymethoxycarbonyl group; 
R* represents a group of formula -COOR 60 or a group of formula -CONR B R 9 , in which: 

R6a represents 

a hydrogen atom, 

an alkyl group having from 1 to 4 carbon atoms, 

a phenyl, naphthyl, benzyl, diphenylmethyl or naphthyimethyl group, 

a substituted phenyl or benzyl group which is substituted by at least one of substituents (b'), 

defined in Claim 7, 

a group of formula -SiR a R b R c , in which R fl , R b and R c are as defined above, 

an alkanoyloxyalkyl group, in which the alkanoyl part has from 1 to 5 carbon atoms, and the 
alkyl part has from 1 to 4 carbon atoms, 

a cycloalkanoyloxyalkyl group, in which the cycloalkanoyl part has 6 or 7 carbon atoms, and 
the alkyl part has from 1 to 4 carbon atoms, 

an alkoxycarbonyloxyalkyl group, in which the alkoxy part has from 1 to 4 carbon atoms, and 
the alkyl part has from 1 to 4 carbon atoms, 

a cycloalkoxycarbonyloxyalkyl group, in which the cycloalkoxy part has 5 or 6 carbon atoms, 
and the alkyl part has from 1 to 4 carbon atoms, 

a [5-(phenyl- or alkyl-)-2-oxo-1 ,3-dioxolen-4-yI]methyl group in which the alkyl part has from 

1 to 4 carbon atoms, or 

a phthalidyl group; 
Rs and R 9 are the same or different and each represents: 
a hydrogen atom, 

an alkyl group having from 1 to 4 carbon atoms, and a substituted alkyl group which has 
from 1 to 4 carbon atoms and which is substituted by at least one of substituents (a 1 ), defined in Claim 9; 

or R 8 and R 9 together represent an unsubstituted alkytene group which has 4 or 5 carbon atoms or 
a substituted alkylene group which has 4 or 5 carbon atoms and which is substituted by at least one sub- 
stituent selected from carboxy groups, methoxycarbonyl groups and ethoxycarbonyl groups; 
R6 represents a hydrogen atom, an alkyl group having from 1 to 4 carbon atoms, an alkoxy group having 
from 1 to 4 carbon atoms, a fluorine atom, a chlorine atom or a bromine atom; 
R 7 represents a carboxy group or a tetrazol-5-yl group; and 

the benzene ring which bears the substituents represented by R 6 and R 7 is at the 3- or 4- position of the 
benzyl group to which it is attached. 

14. A process according to any one of Claims 1 to 5, in which the reagents and reaction conditions are so 
chosen as to prepare a compound of formula (I) or a salt or ester thereof, in which: 
Ri represents an alkyl group having from 2 to 5 carbon atoms or an alkenyl group having from 3 to 5 carbon 
atoms; 

R2 and R 3 are the same or different and each represents: 
a hydrogen atom, 

an alkyl group having from 1 to 4 carbon atoms, 
an alkenyl group having from 3 to 5 carbon atoms, 
a cycloalkyl group having 5 or 6 carbon atoms, or 
a benzyl or phenyl group; 
R 4 represents: 

a hydrogen atom, 

a methyl or ethyl group, 

an alkanoyl group having from 1 to 5 carbon atoms, 
an alkenoyl group having from 3 to 5 carbon atoms, 
a benzoyl group, or 

an alkoxycarbonyl group having from 2 to 5 carbon atoms; 
R5 represents a group of formula -COOR 53 or a group of formula -CONR 8 R 9 , in which: 
R 5 * represents 

a hydrogen atom, 

an alkyl group having from 1 to 4 carbon atoms, 
a benzyl group, 

an alkanoyloxyalkyl group, in which the alkanoyl part has from 1 to 5 carbon atoms, and the 
alkyl part is a methyl or ethyl group, 
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a cycloalkanoyloxyalkyl group, in which the cycloalkanoyt part has 6 or 7 carbon atoms, and 
the alkyl part is a methyl or ethyl group, 

an alkoxycarbonyloxyalkyl group, in which the alkoxy part has from 1 to 4 carbon atoms, and 
the alkyl part is a methyl or ethyl group, 
5 a cycloalkoxycarbonyloxyalkyl group, in which the cycloalkoxy part has 5 or 6 carbon atoms, 

and the alkyl part is a methyl or ethyl group, 

a [5-(phenyh methyl- or emyl-)-2-oxo-1,3-dioxoler>-4-yl]methyl group, or 
a phthalidyi group; 
R B and R 9 are the same or different and each represents: 
10 a hydrogen atom, 

a methyl group, 
an ethyl group, or 

a substituted methyl or ethyl group which is substituted by at least one substituent selected from carboxy 
groups, methoxycarbonyl groups and ethoxycarbonyl groups; 
is or R 8 and R 9 together represent an unsubstituted alkylene group which has 4 or 5 carbon atoms or 

a substituted alkylene group which has 4 or 5 carbon atoms and which is substituted by at least one sub- 
stituent selected from carboxy groups, methoxycarbonyl groups and ethoxycarbonyl groups; 
R 8 represents a hydrogen atom, or it represents a methyl group, an ethyl group, a methoxy group, an 
ethoxy group, a fluorine atom or a chlorine atom on the 6-posrtion of the benzene ring; 
20 R 7 represents a carboxy group or a tetrazol-5-yl group at the 2- or 3- position of the benzene ring; and 

the benzene ring which bears the substituents represented by R 6 and R 7 is at the 4-position of the benzyl 
group to which it is attached. 

A process according to any one of Claims 1 to 5, in which the reagents and reaction conditions are so 
chosen as to prepare a compound of formula (I) or a salt or ester thereof, in which: 
R 1 represents an alkyl group having from 2 to 5 carbon atoms; 

R2 and R 3 are the same or different and each represents a hydrogen atom or an alkyl group having from 
1 to 4 carbon atoms; 

R* represents a hydrogen atom, a methyl group, an ethyl group or an alkanoyl group having from 1 to 5 
carbon atoms; 

R 6 represents a group of formula -COOR 53 or a group of formula -CONR 8 R 9 , In which: 
R5a represents 

, a hydrogen atom, 
a methyl, ethyl or benzyl group, 

an alkanoyloxymethyl group, in which the alkanoyl part has from 1 to 5 carbon atoms, 
a 1-(alkanoyloxy)ethyl group, in which the alkanoyl part has from 1 to 5 carbon atoms, 
an alkoxycarbonyloxymethyl group, in which the alkoxy part has from 1 to 4 carbon atoms, 
a 1-(alkoxycarbonyloxy)ethyl group, in which the alkoxy part has from 1 to 4 carbon atoms, 
a [5-(phenyl- or methyl-)-2-oxo-1,3-dioxolen-4-yl]methy» group, or 
a phthalidyi group; 

R 8 and R 9 are the same or different and each represents a hydrogen atom, a methyl group, an ethyl 
group, a methoxycarbonyl methyl group, an ethoxycarbonylmethyl group or a carboxymethyl group; or 

R 8 and R 9 together represent a tetramethylene, pentamethylene, 1-carboxytetramethyleneor 1-car- 
boxypentamethylene group; 

R 6 represents a hydrogen atom, or it represents a methyl group, an methoxy group, a fluorine atom or a 
chlorine atom at the 6-posrtion of the benzene ring; 

R 7 represents a carboxy group or a tetrazol-5-yi group at the 2-position of the benzene ring; and 
the benzene ring which bears the substituents represented by R 8 and R 7 is at the 4-position of the benzyl 
group to which it is attached. 

16. A process according to any one of Claims 1 to 5, in which the reagents and reaction conditions are so 
chosen as to prepare a compound of formula (I) or a salt or ester thereof, in which: 
R 1 represents an ethyl, propyl or butyl group; 

R2 and R 3 are the same or different and each represents a hydrogen atom or a methyl group; 
R 4 represents a hydrogen atom or a methyl group; 

R5 represents a group of formula -COOR 53 , in which R 53 represents a hydrogen atom, a prvaloyloxymethyl 
group, an ethoxycarbonyloxymethyl group, a 1-(ethoxycarbonyloxy)ethyl group, an isopropoxycar- 
bonyloxymethyl group, a 1-(isopropoxycarbonyloxy)ethyl group, a (5-methyl-2-oxo-1,3-dioxolen-4-yl)me- 
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thyl group, or a phthaiidyl group; 
R 6 represents a hydrogen atom; 

R7 represents a carboxy group or a tetrazol-5-yl group at the 2-position of the benzene ring; and 

the benzene ring which bears the substituents represented by R 6 and R 7 is at the 4-position of the benzyl 

group to which it is attached. 

17. A process according to any one of Claims 1 to 5, in which the reagents and reaction conditions are so 
chosen as to prepare a compound of formula (I) or a salt or ester thereof, in which: 

R 1 represents an ethyl, propyl or butyl group; 

R 2 represents an isopropyl group or a t-butyl group; 

R 3 represents a hydrogen atom; 

R* represents a hydrogen atom or a methyl group; 

R5 represents a group of formula -CONR 8 R 9 , in which R 8 and R» are the same or different and each rep- 
resents a hydrogen atom, a methyl group, a methoxycarbonylmethyl group, an ethoxycarbonylmethyl 
group, or a carboxymethyl group; 
Re represents a hydrogen atom; 

R7 represents a carboxy group or a tetrazol-5-yl group at the 2-position of the benzene ring; and 

the benzene ring which bears the substituents represented by R 6 and R 7 is at the 4-position of the benzyl 

group to which it is attached. 

18. A process according to any one of Claims 1 to 5, in which the reagents and reaction conditions are so 
chosen as to prepare a compound of formula (I) or a salt or ester thereof, in which: 

R 1 represents an ethyl, propyl or butyl group; 

R 2 and R 3 both represent methyl groups; 

R 4 represents a hydrogen atom or a methyl group; 

R5 represents a group of formula -COOR 5a , in which R 63 represents a hydrogen atom, a pivaloyloxymethyl 
group, an ethoxycarbonyloxymethyl group, a 1-(ethoxycarbonyloxy)ethyl group, an isopropoxycarbonyl- 
oxymethyl group, a 1-(isopropoxycarbony1oxy)ethyi group, a (5-methyl-2-oxo-1,3-dioxolen-4-yl)methyl 
group, or a phthaiidyl group; 
R 6 represents a hydrogen atom; 

R 7 represents a carboxy group or a tetrazol-5-yl group at the 2-position of the benzene ring; and 

the benzene ring which bears the substituents represented by R 6 and R 7 is at the 4-position of the benzyl 

group to which it is attached. 

19. A process according to Claim 1 , in which the reagents and reaction conditions are so chosen as to prepare: 

2-butyl-1-[(2'-(^oxybipheny1-4-y0^ acid; 
pivaloyloxymethyl 2-butyl-1-[(2'-carboxybiphenyl-4-yl) methyl]-4-(1-hydroxy-1-methylethyl)imidazole- 
5-carboxylate; 

(5-methyl-2-oxo-1 ,3-dioxoler>4-yl)methyl 2-butyl-1-[(2'-carboxybiphenyl-4-yl)methyl]-4-(1-hydroxy- 
1 -methylethyl)imidazoie-5-carboxylate; 

1 -[(2'<artXDxybiphenyl-4-yl)meth^ acid ; 

1 4(2'-cart»xybiphenyl^)mem acid; 

4-<1-hydroxy-1-methylethyl)-2-prapy^ 
boxylic acid; 

2-buty1^1-hydroxy-1-methylethy^ 

acid; 

pivaloyloxymethyl 4-<1-hydroxy-1-methylethyl)-2-p^ 
midazole-5-carboxylate; 

pivaloyloxymethyl 2-butyl-4-(1 -hydroxy-1 -methylethyl)-1 -{4-[2-(tetrazol-5-yl)phenyl]phenyl}methyl i- 
midazoie-5-carboxylate; 

(5-methyl-2-oxo-1 f 3-dioxolen-4-yl)methyl 4-(1-hydroxy-1-methylethyl)-2-propyl-H4-[2-(tetrazol-5- 
yl)phenyl]phenyl}methylimidazole-5-carboxylate; 

(5-methyl-2-oxo-1,3-dioxolen-4-yl)methyl 2-butyl-4-(1-hydroxy-1-methylethyi)-1-{4-[2-(tetrazol-5- 
yl)phenyl]phenyl}methylimidazole-5-carboxylate; 

ethoxycarbonyloxymethyl 4-<1 -hydroxy-1 -methyl ethyl)-2rpropyl-1-{4-[2-(tetrazol-5-yl)phenyl]phe- 
nyt}methylimidazoie-5-carboxylate; 

isopropoxycarbonyloxymethyl 4-(1 -hydroxy-1 -methylethyl)-2-propyl-1-{4-[2-(tetrazol-5-yl)phenyll 
phenyl}methylimidazole-5-carboxylate; 
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1-(ethoxycarbonyloxy)ethyl 4K1-hydroxy-1^mylethyl)-2-prop^ 
methyIimidazole-5-carboxylate; 

1 -(isopropoxycarbonyloxy)ethyl 4-(1 -hydroxy- 1 -methyiethyl)-2-propyl-1-{4-[2-(tetra2ol-5-yl)phenyl] 
p henyl}methyl imidazole-5-carboxylate; 

plvaloyloxymethyl 2-ethyl-4-(1 -hydroxy-1-methylethyl) H442^tetra20l-5-yl)phenyl]phenyi}methylh 
midazole-5-carboxylate; 

- (5-methyi-2-oxo-1,3-diQxolen-4-yl)methyI 2^thyl^(1-hydroxy-1-methylethyl)-1-{4^-(tetrazol-5-yl) 
phenyi]phenyl}methylimidazole-5-carboxylate; 

plvaloyloxymethyl H^K^oxybiphenyi^ylJme^ 
5-carboxylate; 

(5-methyl-2-oxo-1,3-dioxolen-4-yl)methyl 1-[(2'-carboxybiphenyl-4-yl)methyl]-4-(1-hydroxy-1-me- 
mylethyl)-2-propylimldazole-5-carDoxylate; 

phthalidyl 1-[(2'-cartx3xybipheriyl^yl)mem^ 
boxylate; 

4-{1-hydroxyethyl)-2-propyl-1 -{4-[2-(tetrazol-5-yl) phenyl]pheny0methylimidazole-5-c»rt)oxylic acid; 
plvaloyloxymethyl 4^1 -hydroxy ethyl )-2-propyl-1-{4-[2-(tetrazol-^^ 
5-carboxylate; 

(5-methyl-2-oxo-1 ,3-dioxolen-4-yl)methyl 4-(1 -hydroxyethyl)-2-propyl-1 -{4-[2-(tetrazol-5-yl)phenyl] 
p henyl}methyl imidazole-5-carboxylate; 
or a pharmaceutical ly acceptable salt thereof. 

20. A process for preparing a pharmaceutical composition for the treatment or prophylaxis of hypertension, 
which comprises mixing an anti-hypertensive agent with a pharmaceutical^ acceptable carrier or diluent, 
in which the anti-hypertensive agent is at least one compound of formula (I) or a pharmaceutically accept- 
able salt or ester thereof, as defined in any one of Claims 1 to 12. 

21 . The use of compounds of formula (I) and pharmaceutically acceptable salts and esters thereof, as defined 
in any one of Claims 1 to 1 9, for the manufacture of a medicament for the treatment or prophylaxis of hyper- 
tension. 
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